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Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks. 
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ASPECT™ FASTr™ 
Auto-Chem Deflasher™ 5-Star Service™ 
BCPT™ Flash™ 
BI-FET™ GENIX™ 
BI-FET IIT™ GNX™ 
BI-LINET™ GTOT™ 
BIPLANT™ HAMRT™ 
BLCT™ HandiScan™ 
BLXT™ HEX 3000T™ 
BMAC™ HPCT™ 
Brite-Lite™ |8L® 
BSIT™ ICM™ 
CDD™ INFOCHEX™ 
CheckTrack™ Integral ISE™ 
CIM™ Intelisplay™ 
CIMBUS™ |ISET™ 
CLASIC™ ISE/O6™ 
ClockwChek™ ISE/08™ 
COMBO® ISE/16™ 
COMBO |™ ISE32TM 
COMBO |I™ ISOPLANAR™ 
COPS™ microcontrollers ISOPLANAR-Z™ 
CRD™ KeyScan™ 
DA4™ LERIC™ 
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Embedded System MICRO-DAC™ 
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MOLETM SERIES/800™ 
MPATM Series 900™ 
MST™ Series 3000™ 
Naked-8T™ Series 32000® 
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PORATION. As used herein: 


1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, and whose failure to per- 
form, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably ex- 
pected to result in a significant injury to the user. 
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without notice, to change said circuitry or specifications. 


NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR- 


2. A critical component is any component of a life support 
device or system whose failure to perform can be reason- 
ably expected to cause the failure of the life support de- 
vice or system, or to affect its safety or effectiveness. 
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Introduction 


Since 1989, National Semiconductor has introduced over 30 
high performance data acquisition product families. Nation- 
al’s broad line of data acquisition products provide simple 
solutions for difficult 5V system problems. Our breadth of 
products includes data acquisition subsystems on a chip, an- 
alog-to-digital converters, digital-to-analog converters, volt- 
age references, temperature sensors, active filters, sample- 
and-holds, and analog switches/multiplexers. 


National’s focus on high functionality of high performance 
data acquisition devices, along with software programmabili- 
ty, provides maximum flexibility for our customers. National’s 
new data acquisition system (DAS), the LM12458, demon- 
strates our advanced capabilities in 5V system products. The 
LM12458 is a fast 12-bit plus sign DAS that frees the host 
processor from much of the overhead burden associated 
with monitoring data acquisition systems. It does this by inte- 
grating digital system features, such as RAM, FIFO, timer, 
and sequencer with the core analog functions necessary to 
make a complete standalone monolithic DAS. The high level 
of integration thus simplifies the design engineer’s task. In 
addition, National’s design approach provides the capability 
to take standard products and build them into monolithic ap- 
plication specific standard products (ASSPs). 


National employs advanced CMOS Processes in our high 
performance data acquisition products. These are offered in 
the standard Industrial temperature range of —40°C to 
+ 85°C; the Military temperature range (—55°C to + 125°C) 
is also available. In addition, Automotive temperature range 
(—40°C to + 125°C) can be special ordered. Standard pack- 
ages are plastic DIP and SO for Industrial applications, her- 
metic packages for Military applications. Other packages are 
available on request. 


National’s commitment to customer service and satisfaction 
is demonstrated in the quality and reliability of our products. 
Our products have a wide range of applications, including 
areas such as test equipment, disk drives, portable instru- 
mentation, process control systems, medical imaging, re- 
mote and high-speed data acquisition, automotive, and nu- 
merous others. National continues to lead the way with high- 
performance 5V system products. 
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Device 
ADC0800 8-Bit A/D Converter 
ADC0801 8-Bit .P Compatible A/D Converter 
ADC0802 8-Bit ».P Compatible A/D Converter 
ADC0803 8-Bit ».P Compatible A/D Converter 
ADC0804 8-Bit »P Compatible A/D Converter 
ADC0805 8-Bit »P Compatible A/D Converter 
ADC0808 8-Bit uP Compatible A/D Converter with 8-Channel 
Multiplexer 
ADC0809 8-Bit uP Compatible A/D Converter with 8-Channel 
Multiplexer 
ADC0811 8-Bit Serial 1/O A/D Converter with 11-Channel Multiplexer. . . . 
ADC0816 8-Bit ~P Compatible A/D Converter with 16-Channel 
Multiplexer 
ADC0817 8-Bit uP Compatible A/D Converter with 16-Channel 
Multiplexer 
ADC0819 8-Bit Serial 1/O A/D Converter with 19-Channel Multiplexer. ... 
ADC0820 8-Bit High Speed j4P Compatible A/D Converter with 
Track/Hold Function } 
ADC0829 ».P Compatible 8-Bit A/D with 1 4-Channel MUX/Digital Input . 
ADC0831 8-Bit Serial 1/O A/D Converter with Multiplexer Options 
ADC0822 8-Bit Serial 1/O A/D Converter with Multiplexer Options 
ADC0833 8-Bit Serial |/O A/D Converter with 4-Channel Multiplexer 
ADC0834 8-Bit Serial 1/O A/D Converter with Multiplexer Options 
ADC0838 8-Bit Serial I/O A/D Converter with Multiplexer Options 
ADC0841 8-Bit wP Compatible A/D Converter aes 
ADC0844 8-Bit »P Compatible A/D Converter with Multiplexer Options . 
ADC0848 8-Bit »P Compatible A/D Converter with Multiplexer Options . 
ADC0852 Multiplexed Comparator with 8-Bit Reference Divider 
ADC0854 Multiplexed Comparator with 8-Bit Reference Divider 
ADC1001 10-Bit »P Compatible A/D Converter 
ADC1005 10-Bit »P Compatible A/D Converter 
ADC1021 10-Bit »P Compatible A/D Converter 
ADC1025 10-Bit ».P Compatible A/D Converter 
ADC1205 12-Bit Plus Sign ,.P Compatible A/D Converter 
ADC1210 12-Bit CMOS A/D Converter 
ADC1211 12-Bit CMOS A/D Converter 
ADC1225 12-Bit Plus Sign »P Compatible A/D Converter 
ADC3511 31/4-Digit Microprocessor Compatible A/D Converter 
ADC3711 33/,-Digit Microprocessor Compatible A/D Converter 
ADD3501 31/-Digit DVM with Multiplexed 7-Segment Output 
ADD3701 33/,-Digit DVM with Multiplexed 7-Segment Output 
AF100 Universal Active Filter 
AF150 Universal Wideband Active Filter 
AF151 Dual Universal Active Filter 
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AH0014 Dual DPST-TTL/DTL Compatible MOS Analog Switch ......... Data Acquisition Linear Devices 
AH0015 Quad SPST Dual DPST-TTL/DTL Compatible MOS Analog 

WNC id cod aivew PIs aided d! nig eeansans bi teausdues sony dleilles ok: Data Acquisition Linear Devices 
AH0019 Dual DPST-TTL/DTL Compatible MOS Analog Switch ......... Data Acquisition Linear Devices 
AH5009 Monolithic Analog Current Switch ................0cececeeee. Data Acquisition Linear Devices 
AH5010 Monolithic Analog Current Switch .............0..0c00--0 055. Data Acquisition Linear Devices 
AH5011 Monolithic Analog Current Switch .............0.-0c000-0 005. Data Acquisition Linear Devices 
AH5012 Monolithic Analog Current Switch .............cccccececeeeee Data Acquisition Linear Devices 
AH5020C Monolithic Analog Current Switch ..............-0.000-0-5. Data Acquisition Linear Devices 
CD4016BM Quad Bilateral Switch........0. 00. c cee cece cee ceeeeccues Data Acquisition Linear Devices 
CD4051BM Single 8-Channel Analog Multiplexer/ Demultiplexer ........ Data Acquisition Linear Devices 
CD4052BM Dual 4-Channel Analog Multiplexer/ Demultiplexer .......... Data Acquisition Linear Devices 
CD4053BM Triple 2-Channel Analog Multiplexer/ Demultiplexer:......... Data Acquisition Linear Devices 
CD4066BM Quad Bilateral Switch.........00 00. ccc cece ccc ceccececeeu. Data Acquisition Linear Devices 
CD4529BC Dual 4-Channel or 8-Channel Analog Data Selector ......... Data Acquisition Linear Devices 
DAC0630 Triple 6-Bit Video DAC with Color Pallette ................... Data Acquisition Linear Devices 
DAC0631 Triple 6-Bit Video DAC with Color Pallette .....:...3.....000. Data Acquisition Linear Devices 
DAC0800 8-Bit D/A:Converter ......... 0.0 8a eve dese eile ics Data Acquisition Linear Devices 
DAC0801 8-Bit D/A:Converter .............. 030 0UEW ee tees oe eee. Data Acquisition Linear Devices 
DAC0802:8-Bit D/A Converter... 0. .... ce ne fee PUG MEE orig oot Data Acquisition Linear Devices 
DAC0806 8-Bit D/A Converters... 6... cd UNE MivieS Sead owas Data Acquisition Linear Devices 
DAC0807 8-Bit D/A Converter ......... 0... cee ec cc cc cccucucecececes Data Acquisition Linear Devices 
DAC0808 8-Bit D/A Converter ....... 0.0... e cece cece ceecececececee Data Acquisition Linear Devices 
DAC0830 8-Bit uP Compatible Double-Buffered D/A Converter......... Data Acquisition Linear Devices 
DAC0831 8-Bit ~P Compatible Double-Buffered D/A Converter......... Data Acquisition Linear Devices 
DAC0832 8-Bit ~P Compatible Double-Buffered D/A Converter......... Data Acquisition Linear Devices 
DAC1000 j4P Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices 
DAC1001 j4P Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices 
DAC1002 4P Compatible, Double-Buffered D/A Converter............. Data Acquisition Linear Devices 
DAC1006 j4P Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices 
DAC1007 »P Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices 
DAC1008 4P Compatible, Double-Buffered D/A Converter ............. Data Acquisition Linear Devices 
DAC1020 10-Bit Binary Multiplying D/A Converter............2..00-0. Data Acquisition Linear Devices 
DAC1021 10-Bit Binary Multiplying D/A Converter..................... Data Acquisition Linear Devices 
DAC1022 10-Bit Binary Multiplying D/A Converter...........0c0-2---.. Data Acquisition Linear Devices 
DAC1208 12-Bit ~P Compatible Double-Buffered D/A Converter........ Data Acquisition Linear Devices 
DAC1209 12-Bit w~P Compatible Double-Buffered D/A Converter........ Data Acquisition Linear Devices 
DAC1210 12-Bit ~P Compatible Double-Buffered D/A Converter........ Data Acquisition Linear Devices 
DAC1218 12-Bit Multiplying D/A Converter... 2.2.0.0... ccccecececee. .Data Acquisition Linear Devices 
DAC1219 12-Bit Multiplying D/A Converter... 0.0.0... ccc cccecece cee Data Acquisition Linear Devices 
DAC1220 12-Bit Binary Multiplying D/A Converter.............00---06, Data Acquisition Linear Devices 
DAGC1221 12-Bit Binary Multiplying D/A Converter........c0.0c0c0.05, Data Acquisition Linear Devices 
DAC1222 12-Bit Binary Multiplying D/A Converter.........¢..0.-5..... Data Acquisition Linear Devices 
DAC1230 12-Bit wP Compatible Double-Buffered D/A Converter........ Data Acquisition Linear Devices 
DAC1231 12-Bit ~P Compatible Double-Buffered D/A Converter........ Data Acquisition Linear Devices 
DAC1232 12-Bit uP Compatible Double-Buffered D/A Converter........ Data Acquisition Linear Devices 
DAC1265 Hi-Speed 12-Bit D/A Converter with Reference .............. Data Acquisition Linear Devices 
DAC1266 Hi-Speed 12-Bit D/A Converter ........... 0. ccc ccc deeceees Data Acquisition Linear Devices 
DM2502 Successive Approximation Register ...............ecececccee Data Acquisition Linear Devices 
DM2503 Successive Approximation Register ..............c.0ececeee. Data Acquisition Linear Devices 
DM2504 Successive Approximation Register ..............ccccceceee. Data Acquisition Linear Devices 


HS7067 7-Amp, Multimode, High Efficiency Switching Regulator........ General Purpose Linear Devices 
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Device Databook 
HS7107 7-Amp, Multimode, High Efficiency Switching Regulator........ General Purpose Linear Devices 
LF111 Voltage Comparator ....... 0. secede teen e eee e teen e ee General Purpose Linear Devices 
LF11201 Quad SPST JFET Analog Switch .......... eee e cree eee eens Data Acquisition Linear Devices 
LF11202 Quad SPST JFET Analog Switch .............-5. Phe oe Data Acquisition Linear Devices 
LF11331 Quad SPST JFET Analog Switch ......... 2. eee e eee eee eee Data Acquisition Linear Devices 
LF11332 Quad SPST JFET Analog Switch ......... eee cece eee eee eens Data Acquisition Linear Devices 
LF11333 Quad SPST JFET Analog Switch .......-. eee cece eee eres Data Acquisition Linear Devices 
LF13006 Digital Gain Set .... 66... cece cece eect nee e nen ee ees Data Acquisition Linear Devices . 
LF13007 Digital Gain Set ..5 26... cece c ee eee eee eee eee nnn ne taes Data Acquisition Linear Devices 
LF13201 Quad SPST JFET Analog SWitch ......... eee cece eee eerie Data Acquisition Linear Devices 
LF13202 Quad SPST JFET Analog Switch... 0... 66. beeen eee Data Acquisition Linear Devices 
LF13331 Quad SPST JFET Analog SWitch. oo s.. ce eee eee ee ee Data Acquisition Linear Devices 
LF13332 Quad SPST JFET Analog Switch .. 0.0... . eee eter eee eee eee Data Acquisition Linear Devices 
LF13333 Quad SPST JFET Analog Switch .......-.. eee e cere eee eee Data Acquisition Linear Devices 
LF13508 8-Channel Analog Multiplexer .. 6.1... eee cee eee eee ees Data Acquisition Linear Devices 
LF13509 4-Channel Analog Multiplexer .........-- eee e eee e eee eens Data Acquisition Linear Devices 
LF13741 Monolithic JFET Input Operational Amplifier .............+++- General Purpose Linear Devices 
LF147 Wide Bandwidth Quad JFET Input Operational Amplifiers........ General Purpose Linear Devices 
LF155 Series Monolithic JFET Input Operational Amplifiers ............ General Purpose Linear Devices 
LF156 Series Monolithic JFET Input Operational Amplifiers ............ General Purpose Linear Devices 
LF157 Series Monolithic JFET Input Operational Amplifiers ............ General Purpose Linear Devices 
LF198 Monolithic Sample and Hold Circuit ........ 6... seer reer eee ees Data Acquisition Linear Devices 
LF211 Voltage Comparator ....... 6. cece cece e teeter ene ten enes General Purpose Linear Devices 
F255 Series Monolithic JFET Input Operational Amplifiers ............ General Purpose Linear Devices 
LF256 Series Monolithic JFET Input Operational Amplifiers ..........-. General Purpose Linear Devices 
LF257 Series Monolithic JFET Input Operational Amplifiers ............ General Purpose Linear Devices 
LF298 Monolithic Sample and Hold Circuit ............++- ih ious d greet re ea Data Acquisition Linear Devices 
LF311 Voltage Comparator ......... cece cece e etter e enn e eee nee es General Purpose Linear Devices 
LF347 Wide Bandwidth Quad JFET Input Operational Amplifiers........ General Purpose Linear Devices 
LF347B Wide Bandwidth Quad JFET Input Operational Amplifiers ...... General Purpose Linear Devices 
LF351:Wide Bandwidth JFET Input Operational Amplifier .............. General Purpose Linear Devices 
LF353 Wide Bandwidth Dual JFET Input Operational Amplifier ......... General Purpose Linear Devices 
LF355 Series Monolithic JFET Input Operational Amplifiers ............ General Purpose Linear Devices 
LF356 Series Monolithic JFET Input Operational Amplifiers ............ General Purpose Linear Devices 
F357 Series Monolithic JFET Input Operational Amplifiers ............ General Purpose Linear Devices 
LF398A Monolithic Sample and Hold Circuit ....... 6... e cece eee eee es Data Acquisition Linear Devices 
LF400 Fast Settling JFET Input Operational Amplifier ........-+-+.+++. General Purpose Linear Devices 
LF401 Precision Fast Settling JFET Input Operational Amplifier......... General Purpose Linear Devices 
LF411 Low Offset, Low Drift JFET Input Operational Amplifier .......... General Purpose Linear Devices 
LF412 Low Offset, Low Drift Dual JFET Operational Amplifier .......... General Purpose Linear Devices 
LF441 Low Power JFET Input Operational Amplifier........+....+-+5+- ‘General Purpose Linear Devices 
F442 Dual Low Power JFET Input Operational Amplifier .............- General Purpose Linear Devices 
LF444 Quad Low Power JFET Input Operational Amplifier ............. General Purpose Linear Devices 
LF451 Wide-Bandwidth JFET Input Operational Amplifier .............- General Purpose Linear Devices 
LF453 Wide-Bandwidth Dual JFET Input Operational Amplifier ......... General Purpose Linear Devices 
LHOOO2 Current Amplifier... 0.0.0... c cece nee eee eee ee eens -.,.General Purpose Linear Devices 
LH0003 Wide Bandwidth Operational Amplifier ............-+see eee eee General Purpose Linear Devices 
LH0004 High Voltage Operational Amplifier ..... 0.0... seer ere ee eeees General Purpose Linear Devices 
LH0020 High Gain Operational Amplifier..........-.es sere rere eects General Purpose Linear Devices 
LH0021 1.0-Amp Power Operational Amplifier..........-.+eseeeee sees General Purpose Linear Devices 
LH0022 High Performance FET Operational Amplifier ..... 0.0. eee.ee' General Purpose Linear Devices 
LH0023 Sample and Hold Circuit... 0.6.6... cece ee eee eee eee eee eens Data Acquisition Linear Devices 
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LH0024 High Slew Rate Operational Amplifiers: ispidkoeal sere aie General Purpose Linear Devices 
LH0032 Ultra Fast FET-Input Operational Amplifier ...............0... General Purpose Linear Devices 
LH0033 Fast Buffer Amplifier ............. 0. cece ceeceeeeeec.. General Purpose Linear Devices 
LH0036 Instrumentation Amplifier ........... 00. ccccccccceceeec ce. General Purpose Linear Devices 
LH0038 True Instrumentation AMINES sve sd occeneeys oa TOO Sis. General Purpose Linear Devices 
LH0041 0.2-Amp Power Operational Amplifier.......... (4NdYe te, General Purpose Linear Devices 
LH0042 Low Cost FET Operational AMPUNGE 6 ics evseseeosan DP tbs ie General Purpose Linear Devices 
LH0043 Sample and Hold Circuit.......... 0... ccc ce cece, SET aay t Data Acquisition Linear Devices 
LH0044 Series Precision Low Noise Operational Amplifiers ............ General Purpose Linear Devices 
LHO045 Two Wire Transmitter .......... 0... e ee eecccnececccce ee. General Purpose Linear Devices 
LH0052 Precision FET Operational Amplifier ... 0-00. cece ¥% ide ied. General Purpose Linear Devices 
LH0053 High Speed Sample and Hold Amplifier. ...........-.-1rgee ee ota: Data Acquisition Linear Devices 
LH0061 0.5 Amp Wide Band Operational Amplifier ....... 200008 eon Soe General Purpose Linear Devices 
LH0062 High Speed FET Operational Amplifier ...6:.. 8208 Peoria, General Purpose Linear Devices 
LH0063 Fast Buffer Amplifier ............00 00. ccceceebebeeecec ee... General Purpose Linear Devices 
LH0070 Series BCD Buffered Reference ..................00---0-.... Data Acquisition Linear Devices 
LH0071 Series Precision Buffered Reference ......................... Data Acquisition Linear Devices 
LH0075 Positive Precision Programmable Regulator . fef13\ ary ithe a, General Purpose Linear Devices 
LH0076 Negative Precision Programmable Regillator oda eee, General Purpose Linear Devices 
LH0082 Optical Communication Receiver/Amplifier..............0005. General Purpose Linear Devices 
LH0084 Digitally-Programmable-Gain Instrumentation Amplifier ........ General Purpose Linear Devices 
LH0086 Digitally-Programmable-Gain PUADNIOT pds crxsddiraboscedss General Purpose Linear Devices 
LH0091 True RMS to DC Converter ......... hia te UEC VG ye eM Special Purpose Linear Devices 
LH0094 Multifunction Converter ......... 0.00. cc eeececceeecncec cen. Special Purpose Linear Devices 
LH0101 Power Operational Amplifier........... 00... cccccceeccese ee. General Purpose Linear Devices 
LH1605 5-Amp, High Efficiency Switching Regulator ............ aren General Purpose Linear Devices 
LH2101A Dual High Performance Operational Amplifier ............... General Purpose Linear Devices 
LH2108 Dual Super Beta Operational PRODI 9 acu boxe ak deaddane, General Purpose Linear Devices 
LH2110 Dual Voltage Follower ...................... +eeeeessee....General Purpose Linear Devices 
LH2111 Dual Voltage Comparator ....... 0... cceeeeeceeeecccccc cc... General Purpose Linear Devices 
LH2201A Dual High Performance Operational Amplifier ............... General Purpose Linear Devices 
LH2210 Dual Voltage Follower ........... 00. .cccceecccceceeeccec... General Purpose Linear Devices 
LH2211 Dual Voltage Comparator ........0.. 0. cee ccececeeceeec... General Purpose Linear Devices 
LH2301A Dual High Performance Operational Amplifier ............... General Purpose Linear Devices 
LH2308 Dual Super Beta Operational POUND oss 3 kh waras ¢cxedeaoade General Purpose Linear Devices 
LH2310 Dual Voltage Follower ...............0.0005, Pe oes EES General Purpose Linear Devices 
LH2311 Dual Voltage Comparator ........ 0.0 ceceeeveveeecccecc ccc. General Purpose Linear Devices 
LH2422 CRT Video Driver Amplifier ................00c ecb eceec cece. Special Purpose Linear Devices 
LH4001 Wideband Current Buffer .......... 0.0 cceeeeeeeeccceccce en. General Purpose Linear Devices 
LH4002 Wideband Video Buffer ...............cccceeccceeeeecceee.. General Purpose Linear Devices 
LH4003 Precision RF Closed Loop Buffer 2.0... coe Weed BA General Purpose Linear Devices 
LH4004 Wideband FET Input Buffer/Amplifier..............0..6080022, General Purpose Linear Devices 
LH4006 Precision RF Closed Loop Buffer ............000.0-000 005.0. General Purpose Linear Devices 
EAAQGS Fast Bunter 208 vies carcvesscedwouesaiecvatdadoaes ssc, General Purpose Linear Devices 
EN4008 Fast Bolen. . 2A Bibeses cc cr.qeeuseens 0eeasexanavc:, We General Purpose Linear Devices 
LH4010 Fast FEF Buffer s2stic. cs ceessessscersvsceeee LOSNDRL ES General Purpose Linear Devices 
LH4011 Fast Open Loop Buffer ........... 0... ccceeeecccceecseecc, General Purpose Linear Devices 
EH4012 Wideband Buffers tsii.........ccceeeeeeceveesevecescs fituile General Purpose Linear Devices 
LH4033C Fast and Ultra Fast Buffer Amplifiers... ccc. ees SE Ea . General Purpose Linear Devices 
LH4063C Fast and Ultra Fast Buffer PPAGINGIS 6 drow sexs ga ecencmnce, General Purpose Linear Devices 
LH4101 Wideband High Current Operational Amplifier «0 os scece RA BT General Purpose Linear Devices 
LH4104 Fast Settling High Current Operational Amplifier .............. General Purpose Linear Devices 
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Additional Linear Devices Available 


Additional Linear Devices Available (continued) 


Device Databook 
LH4105 Precision Fast Settling High Current Operational Amplifier...... General Purpose Linear Devices 
LH4106 +5V High Speed Operational Amplifier .....-.--++++seeerrees General Purpose Linear Devices 
LH4117 Precision RF Amplifier ........... 00sec e eee e errr renee en eees General Purpose Linear Devices 
LH4118 Low Gain Wide Band RF Amplifier .......---++eeee eee eeeeees General Purpose Linear Devices 
LH4124C High Slew Rate Operational Amplifier ........+-+++essrssee: General Purpose Linear Devices 
LH4141C 0.2-Amp Power Operational Amplifier ......--++++++eeeeeees General Purpose Linear Devices 
LH4161 High Speed Operational Amplifier .....-..--++sseeeererereeee General Purpose Linear Devices 
LH4162 Dual High Speed Operational Amplifier .......--++ssrerreeees General Purpose Linear Devices 
LH4200 General Purpose GaAs FET Amplifier .......--++eserereeeeee General Purpose Linear Devices 
LH4266 SPDT RF Switch .......... 0c ccs cece cece enereeenserereees Special Purpose Linear Devices 
LH4860 Super Fast 12-Bit Track-Hold Amplifier .........00e eee e rece es Data Acquisition Linear Devices 
LH7001 Positive/Negative Adjustable Regulator.......-.+++ssserereee General Purpose Linear Devices 
LH7070 Series Precision BCD Buffered Reference ......-.-++++se+rees Data Acquisition Linear Devices 
LH7071 Series Precision Binary Buffered Reference .......-+---++++++: Data Acquisition Linear Devices 
LM10 Operational Amplifier and Voltage Reference .........+eeeeeeees General Purpose Linear Devices 
LM101A Operational Amplifier ..........sseeeeee cere rere ene e cere ees General Purpose Linear Devices 
LM102 Voltage Follower .........ceeeceee rene ee reer essa ceeercerees General Purpose Linear Devices 
LM1035 Dual DC Operated Tone/Volume/Balance CHOU svscd sewed te. Special Purpose Linear Devices 
LM1036 Dual DC Operated Tone/Volume/Balance CBU i teas eentess: Special Purpose Linear Devices 
M1037 Dual Four-Channel Analog Switch .......--.eeee seer sere eres Special Purpose Linear Devices 
M1038 Dual Four-Channel Analog Switch .......- sees reer erect ees Special Purpose Linear Devices 
LM104 Negative Regulator .........-.eseee renee sree cere nesses ees General Purpose Linear Devices 
LM1040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo 

Enhancement Facility .........cceee reece reece tenner er enn eee eees Special Purpose Linear Devices 
LM1042 Fluid Level Detector .........- eee cece eee e ee en eee eeeccees Special Purpose Linear Devices 
LM1044 Analog Video Switch.........seeeeee reer eee renee ence ee ees Special Purpose Linear Devices 
LM105 Voltage Regulator ......... esse eee e rere eer teen ener encase General Purpose Linear Devices 
LM106 Voltage Comparator ........ seer eee rere eter erences errr sees General Purpose Linear Devices 
LM107 Operational Amplifier........+.-.eeee cere eee errr e reese ress General Purpose Linear Devices 
LM108 Operational Amplifier.........-..seeeer rere reenter ere eeees General Purpose Linear Devices 
LM108A Operational Amplifier ......-....see reer seen rere reece sees General Purpose Linear Devices 
LM109 5-Volt Regulator ......... cs eeee cere e ence cece sneer enenreces General Purpose Linear Devices 
LM11 Operational Amplifier ..........-0e ere ere eee e eer n reese sees General Purpose Linear Devices 
LM110 Voltage Follower ........-s scene eee cree seen ence tener ee eess General Purpose Linear Devices 
LM111 Voltage Comparator ........ cece eee renee eet e nen r ener ess General Purpose Linear Devices 
LM1112A Dolby B-Type Noise Reduction Processor ....-..-++++++++++5 Special Purpose Linear Devices 
LM1112B Dolby B-Type Noise Reduction Processor ....-.+-.+++++++++5 Special Purpose Linear Devices 
LM1112C Dolby B-Type Noise Reduction Processor....-..-.+++++++++5 Special Purpose Linear Devices 
LM112 Operational Amplifiers ..........-0eseeee rere rere renee ere sees General Purpose Linear Devices 
LM113 Reference Diode ........ 0. cece eee ene renner eee nnr eee renaes Data Acquisition Linear Devices 
LM1131A Dual Dolby B-Type Noise Reduction Processor ........-+--+- Special Purpose Linear Devices 
LM117 3-Terminal Adjustable Regulator .........--+seeeeeerrreereses General Purpose Linear Devices 
LM117HV 3-Terminal Adjustable Regulator .......---+esseeeereeeeees General Purpose Linear Devices 
LM118 Operational Amplifiers ..........:0sereeee seen errr e rere cess General Purpose Linear Devices 
LM119 High Speed Dual Comparator ......--. +e seeereerer ees ers ees General Purpose Linear Devices 
LM120 Series 3-Terminal Negative Regulator .......--.+sesseeereeees General Purpose Linear Devices 
LM1201 Video Amplifier System ......--- ++ eee eeeeeees dp Rea eRRED ES Special Purpose Linear Devices 
LM1203 RGB Video Amplifier System .......+.seee reer tere rere cree Special Purpose Linear Devices 
M1211 Broadband Demodulator System .....-.-eeeee eee eee errr teres Special Purpose Linear Devices 
LM122 Precision TIMOD:«s:0-d +++. cecanwese ree cers cnee Res ee Eee es Special Purpose Linear Devices 
LM123 3-Amp, 5-Volt Positive Regulator.........-sereeeeee errr rere General Purpose Linear Devices 
LM124 Low Power Quad Operational Amplifiers .....-----++ssserreees General Purpose Linear Devices 


Additional Linear Devices Available (Continued) 


LM131 Precision Voltage-to-Frequency Converter..................... 
LM134 3-Terminal Adjustable Current Source.............0..2000005.. 
LM135 Precision Temperature Sensor ..........0..ccccececeeeeccceu. 
LM13600 Dual Operational Transconductance Amplifier with 


LM136-2.5V Reference Diode ........... 00. cece ceccccuccuccccceces 
LM136-5.0V Reference Diode’.............. ccc cccececceccecccccnce, 


LM13700 Dual Operational Transconductance Amplifier with 


LM1397 Phase-Locked Loop ............ccccecescccvcuctccuceccece, 


LM1496 Balanced Modulator-Demodulator ........... 0: .0cc0ecceee ees 


LM1596 Balanced Modulator-Demodulator...............0.-e00-55.. 


LM168 Precision Voltage Reference. ........... cece cccceccecccccecee 
LM169 Precision Voltage Reference. ....... 0... cece ccc ceccececceccee 
LM1800 Phase-Locked Loop FM Stereo Demodulator ................. 
LM1801 Battery Operated Power Comparator .............-0.000-05.. 
LM1812 Ultrasonic Transceiver.......... 00. cece cece ceceuceccecces 


LM1818 Electronically Switched Audio Tape SV OOUY 54x ckucbaxss ignuee 
LM1819 Air-Core Meter Driver ......... 00... cece cececuceveecececcee, 


xi 


Device Databook 
LM125 Voltage Regulator ..................ccccacceucceccecceubies General Purpose Linear Devices 
LM126 Voltage Regulator. 2. ......... 0... c ccc ec sec cecccuceucceece. General Purpose Linear Devices 


Data Acquisition Linear Devices 


LM12(L) 150W Operational Amplifier.......... 00.00 cece ccececcecee. General Purpose Linear Devices 
LM13080 Programmable Power Operational Amplifier. so0c350i2 cates 4 General Purpose Linear Devices 


Data Acquisition Linear Devices 


LM133 3-Amp Adjustable Negative Voltage Regulator . «ivi ..s eta: General Purpose Linear Devices 


Data Acquisition Linear Devices 
Data Acquisition Linear Devices 


Linearizing Diodes and Buffers ............ 00. ceccccecceceececcee. General Purpose Linear Devices 


Data Acquisition Linear Devices 
Data Acquisition Linear Devices 


LM137 3-Terminal Adjustable Negative Regulator .................... General Purpose Linear Devices 


Linearizing Diodes and Buffers .......... 00... cece ceccccececcecee. General Purpose Linear Devices 
LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage) ..:.General Purpose Linear Devices 
LM138 5-Amp Adjustable Power Regulator .....................0-55. General Purpose Linear Devices 
LM139 Low Power Low Offset Voltage Quad Comparator.............. General Purpose Linear Devices 


Special Purpose Linear Devices 


LM140 Series 3-Terminal Positive Regulators ........................ General Purpose Linear Devices 
LM140L Series 3-Terminal Positive Regulators ....................... General Purpose Linear Devices 
LM1414 Dual Differential Voltage Comparator..............0.-000-0-5. General Purpose Linear Devices 
LM143 High Voltage Operational Amplifier..................-..0--.5. General Purpose Linear Devices 
LM144 High Voltage, High Slew Rate Operational Amplifier ............ General Purpose Linear Devices 
LM145 Negative 3-Amp Regulator ........... 0. cece cececececcececee General Purpose Linear Devices 
LM1458 Dual Operational Amplifier .......... 00.00. cc cece ce ceeceee. General Purpose Linear Devices 
LM146 Programmable Quad Operational PUADANGE 5 cud tan oi 234628005 General Purpose Linear Devices 
LM148 Quad 741 Operational Amplifiers .................0.0-00-05.. General Purpose Linear Devices 
LM149 Wide Band Decompensated (Ay(MIN) = B) egadeetwcwweukeseis General Purpose Linear Devices 


Special Purpose Linear Devices 


LM150 3-Amp Adjustable Power Regulator ...............0..0.000.. General Purpose Linear Devices 
LM1514 Dual Differential Voltage Comparator..................0.65.. General Purpose Linear Devices 
LM1524D Regulating Pulse Width Modulator.....................-... General Purpose Linear Devices 
LM1525A Pulse Width Modulator .............0.cccceceeeeeee, Lats es General Purpose Linear Devices 
LM1527A Pulse Width Modulator ............ 0. cecccceccececceccecs General Purpose Linear Devices 
LM1558 Dual Operational Amplifier ........0... 0... ccccccecececcece. General Purpose Linear Devices 
LM1575-5.0 Simple Switcher Step-Down Voltage Regulator............ General Purpose Linear Devices 
LM1578A Switching Regulator ........... 00. cece ccc cccecececeececee General Purpose Linear Devices 
LM158 Low Power Dual Operational Amplifier....................... -General Purpose Linear Devices 


Special Purpose Linear Devices 


LM160 High Speed Differential Comparator ............0.ccccceeeeee. General Purpose Linear Devices 
LM161 High Speed Differential Comparator...............0.0.0c00-e. General Purpose Linear Devices 


Data Acquisition Linear Devices 
Data Acquisition Linear Devices 
Special Purpose Linear Devices 
Special Purpose Linear Devices 
Special Purpose Linear Devices 
Special Purpose Linear Devices 
Special Purpose Linear Devices 
Special Purpose Linear Devices 
Special Purpose Linear Devices 
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Additional Linear Devices Available 


Additional Linear Devices Available (Continued) 
Device Databook 


LM302 Voltage Follower ......... secre teen eee eect ene e nee eenees General Purpose Linear Devices 
LM304 Negative Regulator ........ esses rere enter eee tence eee es General Purpose Linear Devices 
M3045 Transistor Array...... 0c cece cece eer e enact enee eee tenneees Special Purpose Linear Devices 
LM3046 Transistor Afray ... is. ccc secre cece ener nent ee dbase s eens sos Special Purpose Linear Devices 
LM305 Voltage Regulator ........ cece e cere eee crete ence nee e ences General Purpose Linear Devices 
LM306 Voltage Comparator ......-. eee re rere entree ee erence eeeres General Purpose Linear Devices 
LM307 Operational Amplifier.........:.sseeeee errr eee e ence erences: General Purpose Linear Devices 
LM308 Operational Amplifier... .......+.sseeeere reece eee n cree recess General Purpose Linear Devices 
LM3080 Operational Transconductance Amplifier ........-.ee esse eens General Purpose Linear Devices 
LM3086 Transistor Array ......5.cce seer cen eee en etree eceeteenereuees Special Purpose Linear Devices 
LM3089 FM Receiver IF System .......-. eee eee ener e ene e en nrees Special Purpose Linear Devices 
LM308A Operational Amplifier ......-..+-+eseeeeees iegede wAls teaee General Purpose Linear Devices 
LM309°5-Volt Regulator .......... cece eee ence etre nee e enn en er eeees General Purpose Linear Devices 
LM310 Voltage Follower ........-. eee e rere ence nent teen ences ecess General Purpose Linear Devices 
LM311 Voltage Comparator .....-- eee cece cree nent e tence n eee eees General Purpose Linear Devices 
LM312 Operational Amplifiers ..........-ssseer reece eee e nee e een eess General Purpose Linear Devices 
M313 Reference Diode ........... ec eerc eee eeece rte eeenereesrerces Data Acquisition Linear Devices 
M3146 High Voltage Transistor Array ....-.- +++ seer eeree eer ee sere ees Special Purpose Linear Devices 
LM317 3-Terminal Adjustable Regulator ..........-seeeeee reer eeeees General Purpose Linear Devices 
LM317HV 3-Terminal Adjustable Regulator .......-.-seeee eer eeereees General Purpose Linear Devices 
LM317L 3-Terminal Adjustable Regulator...........eeeeereer eer reces General Purpose Linear Devices 
LM318 Operational Amplifiers .........-. sere e erent errr n etree ness General Purpose Linear Devices 
LM3189 FM IF System. 26.2.0 .0.sceseer enone se ntenas ads tee cena eeens Special Purpose Linear Devices 
LM319 High Speed Dual Comparator ......-.-.+ ee eereee reer eereress General Purpose Linear Devices 
LM320 Series 3-Terminal Negative Regulator ........--sseeeeereeeeee General Purpose Linear Devices 
LM320L 3-Terminal Negative Regulator .......-+seeeeeeeeeeeerereees General Purpose Linear Devices 
LM321 Precision Preamplifier ..........0eee cece ener eee eee ee ee eeees General Purpose Linear Devices 
LM322 Precision Timer .......-..c sce e erence ener ener nnrsecedan ee nue Special Purpose Linear Devices 
LM323 3-Amp, 5-Volt Positive Regulator. .....-.-+s+sereererrerreeeees General Purpose Linear Devices 
LM324 Low Power Quad Operational Amplifiers ......--.-++++seeeeeee General Purpose Linear Devices 
LM325 Voltage Regulator .......-. eee e rece e recente rect en ee see ees General Purpose Linear Devices 
LM326 Voltage Regulator ........ screener ener ence eee tren ree ences General Purpose Linear Devices 
LM329 Precision Reference ....... ec cere reece enn n eee eee e ree nerees Data Acquisition Linear Devices 
M330 3-Terminal Positive Regulator ........-+eeeee seer reser reece General Purpose Linear Devices 
LM3301 Quad Amplifier .........c.ccee reece eee e eer eee ceareeecrees General Purpose Linear Devices 
M3302 Low Power Low Offset Voltage Quad Comparator.......+.-+-. General Purpose Linear Devices 
LM3303 Quad Operational Amplifier .......-.6. seers reer e rere neers General Purpose Linear Devices 
LM331 Precision Voltage-to-Frequency Converter.....-.-+++sseerreees Data Acquisition Linear Devices 
LM333 3-Amp Adjustable Negative Voltage Regulator..........5+see General Purpose Linear Devices 
LM334 3-Terminal Adjustable Current Source.......--+eee reer eer eeees Data Acquisition Linear Devices 
LM335 Precision Temperature SENSOr ......- sere reer eerste ences Data Acquisition Linear Devices 
LM3361A Low Voltage/Power Narrow Band FM IF System ......--.05%- Special Purpose Linear Devices 
LM336-2.5V Reference Diode ........ seers eee e tree renner ennees Data Acquisition Linear Devices 
LM336-5.0V Reference Diode .......-- sere reer ree reeeeeennneeseress Data Acquisition Linear Devices 
M337 3-Terminal Adjustable Negative Regulator ......+-+++++sseeees General Purpose Linear Devices 
LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage) . .. .General Purpose Linear Devices 
LM337L 3-Terminal Adjustable Regulator...........seeseeeeeereeeees General Purpose Linear Devices 
LM338 5-Amp Adjustable Power Regulator .....--+-++eserrrrerrrrees General Purpose Linear Devices 
M339 Low Power Low Offset Voltage Quad Comparator......-.-++++-- General Purpose Linear Devices 
LM34 Precision Fahrenheit Temperature Sensor ......-.---+eeere teers Data Acquisition Linear Devices 
LM340 Series 3-Terminal Positive Regulators ........-+eeeeeeeeeeeees 


LM3401 Quad Amplifier...........c.c cece cent e eee e renee nen enesers 


Additional Linear Devices Available (Continued) 


Device Databook 


LM3403 Quad Operational Amplifier .......... 0.0.0 ccc ccc ce ceeceeees General Purpose Linear Devices 
LM340L Series 3-Terminal Positive Regulators .................0.00-. General Purpose Linear Devices 
LM341 Series 3-Terminal Positive Regulators .............e.ec0c0eeee General Purpose Linear Devices 
LM342 Series 3-Terminal Positive Regulators ..............ccccceeeee General Purpose Linear Devices 
LM343 High Voltage Operational Amplifier...............0c0ccccceeee General Purpose Linear Devices 
LM344 High Voltage, High Slew Rate Operational Amplifier ............ General Purpose Linear Devices 
LM345 Negative 3-Amp Regulator .......... 0... ccc ccececcecceceuces General Purpose Linear Devices 
LM346 Programmable Quad Operational Amplifier..............0.00. General Purpose Linear Devices 
LM348 Quad 741 Operational Amplifiers ..............ccccceceeceees General Purpose Linear Devices 


LM349 Wide Band Decompensated (Ay(MIN) = 5) ............e0e0cee General Purpose Linear Devices 
LM35 Precision Centigrade Temperature Sensor...............0.0005. Data Acquisition Linear Devices 
LM350 3-Amp Adjustable Power Regulator ..............0ccceececece General Purpose Linear Devices 
LM3503 Quad Operational Amplifier ............. ccc ccc ceccceececeee General Purpose Linear Devices 


LM3524D Regulating Pulse Width Modulator...............cceceeeeee General Purpose Linear Devices 
LM3525A Pulse Width Modulator ...........0..cccccccecececuecucues General Purpose Linear Devices 
LM3527A Pulse Width Modulator .......... 0... ccc cecececvevecucees General Purpose Linear Devices 
LM3578A Switching Regulator ........... 0.0 0c ccc cececeecucucveeucs General Purpose Linear Devices 


LM358 Low Power Dual Operational Amplifier.................0.0.05- General Purpose Linear Devices 
LM359 Dual, High Speed, Programmable Current Mode (Norton) 


PAPERS we? atic Sites AE aac hada VSS WAS LaBare ec i aekdadee General Purpose Linear Devices 
LM360 High Speed Differential Comparator ............0.cceceececeee General Purpose Linear Devices 
LM361 High Speed Differential Comparator ............0.cccccececeee General Purpose Linear Devices 
LM363 Precision Instrumentation Amplifier ..............ccccceceecee General Purpose Linear Devices 


LM368 Precision Voltage Reference.......... ccc ccc ceeeccecucuceecs Data Acquisition Linear Devices 
LM368-2.5 Precision Voltage Reference ......... 0... ccc ese cecececeee Data Acquisition Linear Devices 
LM369 Precision Voltage Reference............. cece ce ccccececeeeuee Data Acquisition Linear Devices 
LM376 Voltage Regulator ...... .ccrvnse dius bv ws aia 8o So oos wut botoin'e ate General Purpose Linear Devices 
LM380 Audio Power Amplifier ............ 0. ccc ccc cceccecvecuceecees Special Purpose Linear Devices 
LM381 Low Noise Dual Preamplifier ........0.0. 0... cece ccc cececuceeee Special Purpose Linear Devices 
LM382 Low Noise Dual Preamplifier ...............ccccceccececcecces Special Purpose Linear Devices 
LM3820 AM Radio-Systom s.:.6......c.ccccmereseasvacantscduunevers Special Purpose Linear Devices 
LM383 7 Watt Audio Power Amplifier ............. 0.0 ccccccecececeeee Special Purpose Linear Devices 
LM384 5 Watt Audio Power Amplifier ...............ccccececucucucees Special Purpose Linear Devices 
LM385 Adjustable Micropower Voltage Reference ..................-. Data Acquisition Linear Devices 
LM385-1.2 Micropower Voltage Reference Diode ...................-. Data Acquisition Linear Devices 
LM385-2.5 Micropower Voltage Reference Diode ..................... Data Acquisition Linear Devices 
LM386 Low Voltage Audio Power Amplifier ..............ccccceeeeeee. Special Purpose Linear Devices 
LM387 Low Noise Dual Preamplifier ............. ccc cceccecueceeee. Special Purpose Linear Devices 
LM388 1.5-Watt Audio Power Amplifier ..............cccccceceuceeees Special Purpose Linear Devices 
LM389 Low Voltage Audio Power Amplifier with NPN Transistor Array ...Special Purpose Linear Devices 
LM390 1 Watt Battery Operated Audio Power Amplifier ................ Special Purpose Linear Devices 
LM3900 Quad AMplifiek «jis. fo. cc ccc sc ccuadccnesseccncccncevacucse General Purpose Linear Devices 
LRA200S. Presisignt TUNG! sa35ce0 i 50cssesiacan ks ieee lad host swoddeeveds Special Purpose Linear Devices 
LM3909 LED Flasher/Oscillator ............ 0.0. ccc cecececeucecueeece Special Purpose Linear Devices 
LM391Audio. Power Driver jes 54.50 ccuaseeceseusweesensevaeaevasinc Special Purpose Linear Devices 
LM3911 Temperature Controller ............0.cccccecscecvedacvecees Data Acquisition Linear Devices 
LM3914 Dot/Bar Display Driver........... 0. ccc ccc ceeccucvecuceeccs Special Purpose Linear Devices 
LM3915 Dot/Bar Display Driver......... 0... c ccc cccceceucvecueneees Special Purpose Linear Devices 
LM3916 Dot/Bar Display Driver........... 00. c cece ccccccuccuceuceuce Special Purpose Linear Devices 
LM392 Low Power Operational Amplifier/Voltage Comparator ......... General Purpose Linear Devices 
LM393 Low Power Low Offset Voltage Dual Comparator .............. General Purpose Linear Devices 
LMS94 SUpSIMSICN Palit wtcuscks sd icceswyrcdecgd veseeakou caepdavurs Special Purpose Linear Devices 
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Additional Linear Devices Available 


Additional Linear Devices Available (Continuea) 


Device Databook 
LM395 Ultra Reliable Power Transistor ...... 0... eee e eee eee eee eens Special Purpose Linear Devices 
LM396 10-Amp Adjustable Voltage Regulator ............seee eee renee General Purpose Linear Devices 
LM399 Precision Reference ....... cece ce eee ee nen eee n eens Data Acquisition Linear Devices 
LM3999 Precision Reference ........ cece cece eee ee ene n eee eens Data Acquisition Linear Devices 
LM4136 Quad Operational Amplifier ........... cece eee ee eens General Purpose Linear Devices 
LM4250 Programmable Operational Amplifier .......-..-.0eeeeese eee General Purpose Linear Devices 
LM431A Adjustable Precision Zener Shunt Regulator ...........++.++: General Purpose Linear Devices 
LM4500A High Fidelity FM Stereo Demodulator with Blend ...........-. Special Purpose Linear Devices 
M494 Pulse Width Modulated Control Circuit. ........... eee e eee ees General Purpose Linear Devices 
LMB55 Timer... ieee cae ee ae es since verwsrrs ny sterner ease Ow eT RS Special Purpose Linear Devices 
LIMS55C TIMer '. faie eee eS ec aav ince s reeee een er rre edt eeen eae FO Special Purpose Linear Devices 
LP MS56 Dual Timer v4... vice tenses crt eweae eneemer seen ewden en te ahs Special Purpose Linear Devices 
LM556C Dual Timer: oo. cece ce cee cee renee ee re eee een een see’ Special Purpose Linear Devices 
LM565 Phase Locked LOOP ....... cc eee eee tenet eee n eee e eee nnnnnes Special Purpose Linear Devices 
LM565C Phase Locked LOOP... .... sec cee cece erent eee e tence Special Purpose Linear Devices 
LM566C Voltage Controlled Oscillator ...... 6... e eee e eee e eee ences Special Purpose Linear Devices 
LMS567 Tone! D6GOdG? oii fica dc cece wander enc eee seaaese iss reves scene Special Purpose Linear Devices 
LM567C Tone DeCOder....... cc cece eee tere een een eee eeneees Special Purpose Linear Devices 
LM592 Differential Video Amplifier ........... cece eee cece eee nee eenes Special Purpose Linear Devices 
LM604 4-Channel MUX-AMpP........ 0c cece cence ee eee e eee teen nee General Purpose Linear Devices 
LM607 Precision Operational Amplifier ............ e+e eeeee cece ee eees General Purpose Linear Devices 
LM611 Adjustable Micropower Floating Voltage Reference and 

Single-Supply Operational Amplifier. ....... 6.0 cece e ener ee eee eens General Purpose Linear Devices 
LM6118 Fast Settling Dual Operational Amplifier ..........-:..0e seers General Purpose Linear Devices 
LM6121 High Speed Buffer ....... 6... cece eee ee eee e tenn ene e eens General Purpose Linear Devices 
LM6125 High Speed Buffer ........... eee eee recente eee ees General Purpose Linear Devices 
LM613 Dual Operational Amplifiers, Dual Comparators, and Adjustable 

FIGISIGNOCO: ca keccten yh bes os Sk eS ee we dd bas i eR eEW RO ree eee ERR General Purpose Linear Devices 
LM614 Quad Operational Amplifier and Adjustable Reference .......... General Purpose Linear Devices 
LM6161 High Speed Operational Amplifier.............eee eee eee reer General Purpose Linear Devices 
LM6164 High Speed Operational Amplifier............ee eee erences General Purpose Linear Devices 
LM6165 High Speed Operational Amplifier............eeee eee reece eee General Purpose Linear Devices 
LM621 Brushless Motor Commutator ......... 0: eee e eee eee e eee n ene Special Purpose Linear Devices 
LM6218 Fast Settling Dual Operational Amplifier .........-.-+.+-esees General Purpose Linear Devices 
LM6221 High Speed Buffer .......... sc cece eee eee eee e ees General Purpose Linear Devices 
LM6225 High Speed Buffer ........ see e cece eee e eee e ete n eens General Purpose Linear Devices 
LM6261 High Speed Operational Amplifier. ...........+eee seers eens General Purpose Linear Devices 
LM6264 High Speed Operational Amplifier............eee eee e ee ener General Purpose Linear Devices 
LM6265 High Speed Operational Amplifier............+.se ee eeeees -,..General Purpose Linear Devices 
LM627 Precision Operational Amplifiers ...........seeeeee eee eee ees General Purpose Linear Devices 
LM628 Precision Motion Controller ..... 0... 0c eee c eee reer eee eens Special Purpose Linear Devices 
LM629 Precision Motion Controller ......... 00sec cee eee ee eee renee Special Purpose Linear Devices 
LM6313 High Speed, High Power Operational Amplifier ..........-.+++ General Purpose Linear Devices 
LM6321 High Speed Buffer ........ 6. see eee reer enn ene ener e en ees General Purpose Linear Devices 
LM6325 High Speed Buffer .........-- cece eee eee eee e eee eens General Purpose Linear Devices 
LM6361 High Speed Operational Amplifier. .........-.eer eee eee ener General Purpose Linear Devices 
LM6364 High Speed Operational Amplifier. .........-.seee reece ree ees General Purpose Linear Devices 
LM6365 High Speed Operational Amplifier. ........-..seee seer reer General Purpose Linear Devices 
LM637 Precision Operational Amplifiers ...........seeeeee eee renee ees General Purpose Linear Devices 
LM675 Power Operational Amplifier.......... 05s e sees ee eee eee eens General Purpose Linear Devices 
LM710 Voltage Comparator ........ see eee e cree ener e eee ene ees General Purpose Linear Devices 


LM723 Voltage Regulator ......... cece cece e eee e tenet een n nena General Purpose Linear Devices 


Additional Linear Devices Available (continued) 


Device — Databook 


LM725 Operational Amplifier General Purpose Linear Devices 
LM733 Differential Video Amplifier Special Purpose Linear Devices 
LM733C Differential Video Amplifier Special Purpose Linear Devices 
LM741 Operational Amplifier . ..General Purpose Linear Devices 
LM759 Power Operational Amplifier General Purpose Linear Devices 
LM776 Multi-Purpose Programmable Operational Amplifier General Purpose Linear Devices 
LM7800 Series Voltage Regulators General Purpose Linear Devices 
LM78G 4-Terminal Adjustable Regulator General Purpose Linear Devices 
LM78L00 Series 3-Terminal Positive Regulators General Purpose Linear Devices 
LM78LXX Series 3-Terminal Positive Regulators General Purpose Linear Devices 
LM78MG 4-Terminal Positive Regulator General Purpose Linear Devices 
LM78MXxX Series 3-Terminal Positive Regulators General Purpose Linear Devices 
LM78S40 Universal Switching Regulator Subsystem General Purpose Linear Devices 
LM78XX Series Voltage Regulators General Purpose Linear Devices 
LM7900 Series 3-Terminal Negative Regulators General Purpose Linear Devices 
LM79G 4-Terminal Adjustable Regulator General Purpose Linear Devices 
LM79LXXAC Series 3-Terminal Adjustable Negative Regulators General Purpose Linear Devices 
LM79MG 4-Terminal Positive Regulator General Purpose Linear Devices 
LM79MXX Series 3-Terminal Negative Regulators General Purpose Linear Devices 
LM79XX Series 3-Terminal Negative Regulators General Purpose Linear Devices 
LM831 Low Voltage Audio Power Amplifier Special Purpose Linear Devices 
LM832 Dynamic Noise Reduction System DNR Special Purpose Linear Devices 
LM833 Dual Audio Operational Amplifier General Purpose Linear Devices 
LM837 Low Noise Quad Operational Amplifier General Purpose Linear Devices 
LM903 Fluid Level Detector Special Purpose Linear Devices 
LMC555 CMOS Timer Special Purpose Linear Devices 

Special Purpose Linear Devices 
LMC568 Low Power Phase-Locked Loop Special Purpose Linear Devices 
LMC660 CMOS Quad Operational Amplifier General Purpose Linear Devices 
LMC662 CMOS Dual Operational Amplifier General Purpose Linear Devices 
LMC669 Auto Zero General Purpose Linear Devices 
LMC7660 Switched Capacitor Voltage Converter General Purpose Linear Devices 
LMC835 Digital Controlled Graphic Equalizer Special Purpose Linear Devices 
LMF100 High Performance Dual Switched Capacitor Filter Data Acquisition Linear Devices 
LMF120 Mask Programmable Switched Capacitor Filter Data Acquisition Linear Devices 
LMF90 4th-Order LMCMOS™ Programmable Elliptic Notch Filter Data Acquisition Linear Devices 
LP124 Micropower Quad Operational Amplifier General Purpose Linear Devices 
LP265 Micropower Programmable Quad Comparator General Purpose Linear Devices 
LP2902 Micropower Quad Operational Amplifier General Purpose Linear Devices 
LP2950 5V Adjustable Micropower Voltage Regulator General Purpose Linear Devices 
LP2951 Adjustable Micropower Voltage Regulator General Purpose Linear Devices 
LP311 Voltage Comparator General Purpose Linear Devices 
LP324 Micropower Quad Operational Amplifier General Purpose Linear Devices 
LP339 Ultra-Low Power Quad Comparator General Purpose Linear Devices 
LP365 Micropower Programmable Quad Comparator General Purpose Linear Devices 
LP395 Ultra Reliable Power Transistor Special Purpose Linear Devices 
LPC660 CMOS Quad Operational Amplifier General Purpose Linear Devices 
LPC662 CMOS Dual Operational Amplifier General Purpose Linear Devices 
MF10 Universal Monolithic Dual Switched Capacitor Filter Data Acquisition Linear Devices 
MF4 4th Order Switched Capacitor Butterworth Lowpass Filter Data Acquisition Linear Devices 
MF5 Universal Monolithic Switched Capacitor Filter Data Acquisition Linear Devices 
MF6 6th Order Switched Capacitor Butterworth Lowpass Filter Data Acquisition Linear Devices 
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Additional Linear Devices Available 


Additional Linear Devices Available (continuea) 


Device Databook 


MF8 4th Order Switched Capacitor Bandpass Filter Data Acquisition Linear Devices 
MM54C905 12-Bit Successive Approximation Register Data Acquisition Linear Devices 
MM54HC4016 Quad Analog Switch Data Acquisition Linear Devices 
MM54HC4051 8-Channel Analog Multiplexer Data Acquisition Linear Devices 
MM54HC4052 Dual 4-Channel Analog Multiplexer Data Acquisition Linear Devices 

Data Acquisition Linear Devices 
MM54HC4066 Quad Analog Switch Data Acquisition Linear Devices 
MM54HC4316 Quad Analog Switch with Level Translator Data Acquisition Linear Devices 
MM74C905 12-Bit Successive Approximation Register Data Acquisition Linear Devices 
MM74HC4016 Quad Analog Switch Data Acquisition Linear Devices 
MM74HC4051 8-Channel Analog Multiplexer Data Acquisition Linear Devices 
MM74HC4052 Dual 4-Channel Analog Multiplexer Data Acquisition Linear Devices 
MM74HC4058 Triple 2-Channel Analog Multiplexer Data Acquisition Linear Devices 
MM74HC4066 Quad Analog Switch Data Acquisition Linear Devices 
MM74HC4316 Quad Analog Switch with Level Translator Data Acquisition Linear Devices 
OP-07 Low Offset, Low Drift Operational Amplifier General Purpose Linear Devices 
TLO81CP Wide Bandwidth JFET Input Operational Amplifier General Purpose Linear Devices 
TLO82CP Wide Bandwidth Dual JFET Input Operational Amplifier General Purpose Linear Devices 
p.A9708 6-Channel 8-Bit 4.P Compatible A/D Converter Data Acquisition Linear Devices 
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ZA National 


Semiconductor 


ADC08031/ADC08032/ADC08034/ADC08038 8-Bit 
High-Speed Serial |/O A/D Converters with Multiplexer 
Options, Voltage Reference, and Track/Hold Function 


General Description 

The ADC08031/ADC08032/ADC08034/ADC08038 are 
8-bit successive approximation A/D converters with serial I/ 
O.and configurable input multiplexers with up to 8 channels. 
The serial 1/O is configured to comply with the NSC 
MICROWIRE™ serial data exchange standard for easy in- 
terface to the COPS™ family of controllers, and can easily 
interface with standard shift registers or microprocessors. 
The ADC08034 and ADC08038 provide a 2.6V band-gap 
derived reference. For devices offering guaranteed voltage 
reference performance over temperature see ADC08131, 
ADC08134 and ADC08138. 

A track/hold function allows the analog voltage at the posi- 
tive input to vary during the actual A/D conversion. 

The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. In addition, input voltage spans as small as 1V 
can be accommodated. 


Applications 

B Digitizing automotive sensors 

B® Process control monitoring 

@ Remote sensing in noisy environments 
@ Instrumentation 

@ Test systems 

m Embedded diagnostics 


Ordering Information 


| ADCOBOS1BIN, ADCOBOSICIN, | NOSE 
| ADC0BO32BIN, ADCOBOSZCIN | NOE 


ADC08034BIJ, ADC08034ClJ J14A 


ADC08038BIN, ADCO8038CIN N20A 
ADC08038BIJ, ADCO8038ClJ J20A 
ADC08031BIWM, ADC08031CIWM, 


ADC08032BIWM, ADC08032CIWM, 
ADC08034BIWM, ADCO8034CIWM 


ADCO8038BIWM, ADCO8038CIWM M20B 


M14B 


Features 

@ Serial digital data link requires few I/O pins 

@ Analog input track/hold function 

@ 2-, 4-, or 8-channel input multiplexer options with ad- 
dress logic 

@ OV to 5V analog input range with single 5V power 
supply 

@ No zero or full scale adjustment required 

@ TTL/CMOS input/output compatible 

@ On chip 2.6V band-gap reference 

@ 0.3” standard width 8-, 14-, or 20-pin DIP package 

@ 14-, 20-pin small-outline packages 


Key Specifications 

@ Resolution 

@ Conversion time (f¢ = 1 MHz) 
@ Power dissipation 

@ Single supply 5Vpc (+5%) 
@ Total unadjusted error +Y¥% LSB and +1LSB 
No missing codes over temperature 


8 bits 
8s (max) 
20mW (max) 
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ADC08031/ADC08032/ADC08034/ADC08038 


Connection Diagrams 


ADC08038 


oOOoOnr ont Wn = 


= 
o 


TL/H/10555-2 


ADC08032 
Dual-In-Line Package 


ay, 
Voc(REF) 
CLK 


DO 
DI 


TL/H/10555-4 


ADC08032 
Small Outline Package 


TL/H/10555-30 


ADC08034 


ADC08031 
Dual-In-Line Package 


Vrer IN 


ADC08031 
Small Outline Package 


VREF 


TL/H/10555-3 


TL/H/10555-5 


TL/H/10555-31 


Absolute Maximum Ratings (notes 1 &3) Operating Ratings (notes 2 & 3) 
If Military/Aerospace specified devices are required, Temperature Range TmIN < Ta < Tuax 


please contact the National Semiconductor Sales ADC08031BIN, ADCO8031CIN, —40°C < Ta < +85°C 
Office/Distributors for availability and specifications. ADCO8032BIN, ADC08032CIN, 
supply Voltage (Veg) Sih ADCO8034BIN, ADCO8034CIN, 
Voltage at Inputs and Outputs —0.3V to Voc + 0.3V ADCO8038BIN, ADCO8038CIN, 


Input Current at Any Pin (Note 4) +5mA ADC08031BIJ, ADC08031Clu, 
Package Input Current (Note 4) +20 mA ADC08032BIJ, ADCO8032ClU, 
Power Dissipation at Ta = 25°C (Note 5) 800 mW ADCO08034BIJ, ADCO8034ClU, 
ESD Susceptibility (Note 6) 1500V ADCO8038BIJ, ADCO8038ClU, 
Soldering Information 
N ms i (10 sec.) 260°C ADC08031BIWM, ADCO8032BIWM, 
J Package (10 sec.) 300°C ADC08034BIWM, ADCO8038BIWM 
SO Package: ADC08031CIWM, ADCO8032CIWM, 
Vapor Phase (60 sec.) 215°C ADC08034CIWM, ADCO8038CIWM 
Infrared (15 sec.) (Note 7) 220°C ADCO08031CMJ, ADCO8032CMJ —55°C < Ta < +125°C 
Storage Temperature —65°C to + 150°C ADC08034CMJ, ADCO8038CMJ 


Supply Voltage (Vcc) 4.5 Vpc to 6.3 Voc 


Electrical Characteristics 
The following specifications apply for Vcc = VReF = +5 Vpc, and fo_k = 1 MHz unless otherwise specified. Boldface limits 
apply for Ta = Ty = Twin to Tax; all other limits Ta = Ty = 25°C. 


ADC08031, ADC08032, 
ADC08034 and 


ADC08031, ADC08032, 


ADGOSOSS with BIN; ie nega Units 
Parameter CIN, BIJ, ClJ, BIWM or ; 43 os 
Suffix (Limits) 


CIWM Suffixes 


Typical Limits Typical Limits — 
(Note 8) (Note 9) (Note 8) (Note 9) 
CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error (Note 10) 
BIN, BIWM 
BlJ 
CIN, CIWM 
ClJ, CMJ +4 


Differential 
Linearity 


aie an tow [te 
Analog Input Voltage (Note 12) (Vec + 0.05) (Vee + 0.05) 
(GND — 0.05) 


LSB (max) 
LSB (max) 
LSB (max) 
LSB (max) 


Bits (min) 


ko, 
kQ (min) 
kQ. (max) 


(GND — 0.05) 


DCCommonModeenor | | | tH OT TH 
Power Supply Sensitivity Voc = 5V +5%, +Y, ty, 
VreF = 4.75V ae hes 
On Channel Leakage On Channel = 5V, 0.2 
Current (Note 13) Off Channel = 0V 1 
On Channel = OV, 
Off Channel = 5V 


On Channel = 5V, 
Off Channel = OV 


On Channel = OV, = 


Off Channel = 5V 


LSB (max) 


LSB (max) 


pA (max) 


Off Channel Leakage 
Current (Note 13) 


pA (max) 
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Electrical Characteristics (Continuea) 
The following specifications apply for Vcc = Vrer = +5 Vpc, an 
apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 


Parameter Conditions 


DIGITAL AND DC CHARACTERISTICS 


Logical ‘‘0” Input Current 


Voc = 4.75V: , 
louT = —360 pA 

lout = —10 pA 

Voc = 4.75V 

louT = 1.6 mA 


TRI-STATE® Output Current] Vout = OV 
Vout = 5V 


Output Source Current 
Output Sink Current Vout = Vcc 


Supply Current ' 
ADC08031, ADC08034, |CS = HIGH 
and ADC08038 
ADC08032 (Note 16) 


REFERENCE CHARACTERISTICS 
VreFOUT | Nominal Reference Output 


VouT(1) | Logical “1” Output Voltage 


Vout) | Logical “0” Output Voltage 


ISOURCE 


VreEFOUT Option 


Available Only on 
ADC08034 and ADC08038 


d fcLk = 1 MHz unless otherwise specified. Boldface limits 
25°C. 


ADC08031, ADC08032, 
ADC08034 and 
ADC08038 with BIN, 
CIN, BlJ, ClJ, BIWM or 
CIWM Suffixes 


Typical Limits 
(Note 8) (Note 9) 


ADC08031, ADC08032, 
ADC08034 and 
ADC08038 with CMJ 
Suffix 


Limits 
(Note 9) 


Units 
(Limits) 


Typical 
(Note 8) 


V (min) 
V (min) 


Electrical Characteristics (continued) 
The following specifications apply for Vcc = VReF = +5 Vpc, and t, = t; = 20 ns unless otherwise specified. Boldface limits 
apply for Ta = Ty = Twin to Tay; all other limits Ta = Ty = 25°C. 


Units 
(Limits) 


Limits 
(Note 9) 


Typical 


Symbol Parameter Conditions (Note 8) 


foLk Clock Frequency 10 kHz (min) 
MHz (max) 
Clock Duty Cycle 40 % (min) 
(Note 14) 60 % (max) 
To Conversion Time (Not Including folk = 1 MHz 8 1/foLk (max) 
MUX Addressing Time) 8 pS (max) 


tseT-uP CS Falling Edge or Data Input ee 
Valid to CLK Rising Edge 
tHOoLD Data Input Valid after CLK : 
Rising Edge 6s (min) 
tod1, todo CLK Falling Edge to Output C_ = 100 pF: 
Data Valid (Note 15) Data MSB First ns (max) 
Data LSB First ns (max) 
tiH, tow TRI-STATE Delay from Rising Edge C_ = 10 pF, Rp = 10ka 


of CS to Data Output and SARS Hi-Z ve 


CIN Capacitance of Logic Inputs ee ne 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 
Note 2: Operating Ratings indicate conditions for which the device is functional. These ratings do not guarantee specific performance limits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance 
characteristics may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to AGND = DGND = 0 Vog, unless otherwise specified. 

Note 4: When the input voltage Vx at any pin exceeds the power supplies (Vin < (AGND or DGND) or Viy > Voc.) the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four 
pins. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tum ax: 95a and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (TJmax ~ Ta)/8ua or the number given in the Absolute Maximum Ratings, whichever is lower. For devices 
with suffixes BIN, CIN, BlJ, Clu, BIWM, and CIWM TJmax = 125°C. For devices with suffix CMJ, TJmax = 150°C. The typical thermal resistances (6a) of these 
parts when board mounted follow: ADC08031 and ADC08032 with BIN and CIN suffixes 120°C/W, ADC08034 with BIN and CIN suffixes 95°C/W, ADC08038 with 
BIN and CIN suffixes 80°C/W. ADC08031 and ADC08032 with BIJ, ClJ and CMJ suffixes 120°C/W, ADC08034 with BIJ, ClJ and CMJ suffixes 85°C/W, ADC08038 
with BlJ, ClJ and CMJ suffixes 75°C/W. ADC08031 with BIWM and CIWM suffixes 140°C/W, ADC08032 with BIWM and CIWM suffixes 140°C/W, ADC08034 with 
BIWM and CIWM suffixes 140°C/W, ADC08038 with BIWM and CIWM suffixes 91°C/W. 

Note 6: Human body model, 100 pF capacitor discharged through a 1.5 kQ. resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or Linear Data Book section “Surface Mount” for other methods of 
soldering surface mount devices. 

Note 8: Typicals are at Ty = 25°C and represent the most likely parametric norm. 

Note 9: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Total unadjusted error includes offset, full-scale, linearity, multiplexer. 

Note 11: Cannot be tested for the ADC08032. 

Note 12: For Vin(—) = Vin+) the digital code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop greater than Vcc supply. During testing at low Vcc levels (e.g., 4.5V), high level analog 
inputs (e.g., 5V) can cause an input diode to conduct, especially at elevated temperatures, which will cause errors for analog inputs near full-scale. The spec allows 
50 mV forward bias of either diode; this means that as long as the analog Vx does not exceed the supply voltage by more than 50 mV, the output code will be 
correct. Exceeding this range on an unselected channel will corrupt the reading of a selected channel. Achievement of an absolute 0 Vpc to 5 Vpc input voltage 
range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance and loading. 

Note 13: Channel leakage current is measured after a single-ended channel is selected and the clock is turned off. For off channel leakage current the following 
two cases are considered: one, with the selected channel tied high (5 Vpc) and the remaining seven off channels tied low (0 Vpc), total current flow through the off 
channels is measured; two, with the selected channel tied low and the off channels tied high, total current flow through the off channels is again measured. The two 
cases considered for determining on channel leakage current are the same except total current flow through the selected channel is measured. 

Note 14: A 40% to 60% duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these 
limits the minimum time the clock is high or low must be at least 450 ns. The maximum time the clock can be high or low is 100 ps. 

Note 15: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 

Note 16: For the ADC08032 Vpe_riN is internally tied to Vcc, therefore, for the ADC08032 reference current is included in the supply current. 


(see TRI-STATE Test Circuits) 


|= 100prA=2Kn | | 180 | ns (max) 
tae 
aa] 


pF 
pF 
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Typical Performance Characteristics 


LINEARITY ERROR (LSB): 


POWER SUPPLY CURRENT (mA) 


Linearity Error vs 
Reference Voltage 


REFERENCE VOLTAGE (V) 


Power Supply Current vs 
Temperature (ADC08038, 
ADC08034, ADC08031) 


0 100 150 
TEMPERATURE (°C) 


Note: For ADC08032 add IREF 


LINEARITY ERROR (LSB) 


OUTPUT CURRENT (mA) 


Leakage Current Test Circuit 


CHANNEL ¢ 


Linearity Error vs 
Temperature 


-100 -50 0 50 100 150 
TEMPERATURE (°C) 


Output Current vs 
Temperature 


Isource (Voc = 0V) 


100 
TEMPERATURE (°C) 


OFF 


VOLTAGE 
SELECT 


beeeesecae 


CHANNELS 


LINEARITY ERROR (LSB) 


POWER SUPPLY CURRENT (mA) 


Linearity Error vs 
Clock Frequency 


250 500 750 1000 1250 1500 1750 
CLOCK FREQUENCY (kHz) 


Power Supply Current 
vs Clock Frequency 


S 
o 


0 250 500 750 1000 1250 1500 1750 
CLOCK FREQUENCY (kHz) 


TL/H/10555-6 


TL/H/10555-7 


TRI-STATE Test Circuits and Waveforms 


tiH 


DATA 
OUTPUT 


DO AND 
SARS OUTPUTS 


DATA 
OUTPUT 


DO AND 
SARS OUTPUTS 


TL/H/10555-8 


Timing Diagrams 


Data Input Timing 


*t seLecT 


cs 


DATA 
IN (DI) 


TL/H/10555-9 


TL/H/10555-10 


*To reset these devices, CLK and CS must be simultaneously high for a period of tsELEcT or greater. Otherwise these devices are compatible with industry 


standards ADC0831/2/4/8. 


Data Output Timing 


DATA 
OUT (DO) 


TL/H/10555-11 


ADC08031 Start Conversion Timing 


START 
CONVERSION 


TL/H/10555-12 
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Timing Diagrams (Continued) 


ADC08031 Timing 
6 7 8 


CHIP SELECT 
(cs) 


DATA OUT 
(00) 


TRISTATE TRI=STATE 


7 2 1 0 
(MSB) (LSB) 
TL/H/10555-13 


*LSB first output not available on ADC08031. 
LSB information is maintained for remainder of clock periods until CS goes high. 


ADC08032 Timing 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 #15 16 #17 «+18 ~«19~=«20 


cLock 

(CLK) 

[ese | as DATA 
ANALOG SAMPLING TIME (tcq) 


ADDRESS MUX 


CHIP SELECT 
(cs) 


START 
BIT ODD/SIGN 


DATA IN 
(0!) 


ee 
LLL LLL LLL ae he wy Sah or // [PL 
[-}—s8 FIRST DATA LSB FIRST aii———| 


SGL/DIF 


DATA OUT 
(D0) TRISTATE 


TRI=STATE 


TL/H/10555-14 


ADC08034 Timing 
0 1 2 3 4 5 6 7 8 9 10... 11 12 13 14 15 16 17 #18 19,20 21 


CLOCK 
(CLK) 


OUTPUT DATA 


CHIP SELECT 
(cs) 


START 


BIT ODD/SIGN 


DATA IN 
(0!) 


SGL/DIF e A/D' CONVERSION IN PROGRESS 
SAR STATUS 


(SARS) 


TRI=STATE 


= MSB FIRST DATA LSB FIRST DATA 
(D0) TRISTATE 


o 1 2 3 4 5 6 7 
(LSB) (MSB) 


TL/H/10555-15 


ADC08031/ADC08032/ADC08034/ADC08038 
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ADC08038 Functional Block Diagram 
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Functional Description 


1.0 MULTIPLEXER ADDRESSING 


The design of these converters utilizes a comparator struc- 
ture with built-in sample-and-hold which provides for a dif- 
ferential analog input to be converted by a successive- 
approximation routine. 


The actual voltage converted is always the difference be- 
tween an assigned “+” input terminal and a ‘‘—” input ter- 
minal. The polarity of each input terminal of the pair indi- 
cates which line the converter expects to be the most posi- 
tive. If the assigned ‘‘+” input voltage is less than the “‘—” 
input voltage the converter responds with an all zeros out- 
put code. 


A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or pseudo-differential (which will 
convert the difference between the voltage at any analog 
input and a common terminal) operation. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 


A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. Differential inputs are restricted to adjacent channel 
pairs. For example, channel 0 and channel 1 may be select- 
ed as a differential pair but channel 0 or 1 cannot act 


differentially with any other channel. In addition to selecting 
differential mode the polarity may also be selected. Channel 
O may be selected as the positive input and channel 1 as 
the negative input or vice versa. This programmability is 
best illustrated by the MUX addressing codes shown in the 
following tables for the various product options. 


The MUX address is shifted into the converter via the DI 
line. Because the ADC08031 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing. 


The common input line (COM) on the ADC08038 can be 
used as a pseudo-differential input. In this mode the voltage 
on this pin is treated as the “‘—” input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single-sup- 
ply applications where the analog circuity may be biased up 
to a potential other than ground and the output signals are 
all referred to this potential. 


TABLE I. Multiplexer/Package Options 


Part Number of 
eae 
japcosos2| 2 i a | 
et 


TABLE II. MUX Addressing: ADC08038 


Single-Ended MUX Mode 


11 


Analog Single-Ended Channel # 


ODD/ SELECT 


MUX Address 
it To 
i adr p [ie [| +. 
cies 7 ee |: Sees 
i ee eee ee 
oa a = ges 


2 
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Functional Description (Continued) 
TABLE II. MUX Addressing: ADC08038 (Continued) 


Differential MUX Mode 


MUX Address - » Analog Differential Channel-Pair # 


N“N 


ADC08031/ADC08032/ADC08034/ADC08038 


=a /o4a );/42 /4 /— Ja [os | 


TABLE Ill. MUX Addressing: ADC08034 TABLE IV.,MUX Addressing: 
Single-Ended MUX Mode ADC08032 
Single-Ended MUX Mode 
MUX Address ; Channel # 


SGL/ ODD/ SELECT 


fa 
— 
ioeal 


COM is internally tied to AGND 


ers a ee ee 
a a 
re ee ee ee 
RES eLe 


COM is internally tied to AGND 


Differential MUX Mode Differential MUX Mode 


MUX Address 


SGL/ ODD/ SELECT 


rae ee ee 
a eee ee 
cae is a 
ro fa] a 


Functional Description (continuea) 


Since the input configuration is under software control, it 
can be modified as required before each conversion. A 
channel can be treated as a single-ended, ground refer- 
enced input for one conversion; then it can be reconfigured 
as part of a differential channel for another conversion. Fig- 
ure 7 illustrates the input flexibility which can be achieved. 


The analog input voltages for each channel can range from 
50mV below ground to 50mV above Vcc (typically 5V) with- 
out degrading conversion accuracy. 


2.0 THE DIGITAL INTERFACE 


A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows many functions to be included in a 
small package and it can eliminate the transmission of low 
level analog signals by locating the converter right at the 
analog sensor; transmitting highly noise immune digital data 
back to the host processor. 


8 Single-Ended 


4 Differential 


FIGURE 1. Analog Input Multiplexer Options for the ADC08038 


To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate timing diagram is shown for each device. 


1. A conversion is initiated by pulling the CS (chip select) 
line low. This line must be held low for the entire conver- 
sion. The converter is now waiting for a start bit and its 
MUX assignment word. 


2. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. 
The start bit is the first logic “1” that appears on this line 
(all leading zeros are ignored). Following the start bit the 
converter expects the next 2 to 4 bits to be the MUX 
assignment word. 


8 Pseudo-Differential 
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Mixed Mode 


TL/H/10555-18 


8£08000V/PrE08000V/ZE08000V/1E0800dV 


ADC08031/ADC08032/ADC08034/ADC08038 


oi 


fo) 


Functional Description (Continued) 
3. 


When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of 1/2 clock 
period (where nothing happens) is automatically inserted 
to allow the selected MUX channel to settle. The SARS 
line goes high at this time to signal that a conversion is 
now in progress and the DI line is disabled (it no longer 
accepts data). 

The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 


. During the conversion the output of the SAR comparator 


indicates whether the analog input is greater than (high) 
or less than (low) a series of successive voltages gener- 
ated internally from a ratioed capacitor array (first 5 bits) 
and a resistor ladder (last 3 bits). After each comparison 
the comparator’s output is shipped to the DO line on the 
falling edge of CLK. This data is the result of the conver- 
sion being shifted out (with the MSB first) and can be 
read by the processor immediately. 


. After 8 clock periods the conversion is completed. The 


SARS line returns low to indicate this 1% clock cycle later. 


. The stored data in the successive approximation register 


is loaded into an internal shift register. If the programmer 
prefers the data can be provided in an LSB first format 
[this makes use of the shift enable (SE) control line]. On 
the ADC08038 the SE line is brought out and if held high 
the value of the LSB remains valid on the DO line. When 
SE is forced low the data is clocked out LSB first. On 
devices which do not include the SE control line, the 
data, LSB first, is automatically shifted out the DO line 
after the MSB first data stream. The DO line then goes 
low and stays low until CS is returned high. The 
ADC08031 is an exception in that its data is only output in 
MSB first format. 


. All internal registers are cleared when the GS line is high 
and the tse_ect requirement is met. See Data Input Tim- 
ing under Timing Diagrams. If another conversion is de- 
sired CS must make a high to low transition followed by 
address information. 


+  apC08034 VREF IN 


a) Ratiometric 


FIGURE 2. Reference Examples 


The DI and DO lines can be tied together and controlled 
through a bidirectional processor |/O bit with one wire. 
This is possible because the DI input is only ‘“looked-at” 
during the MUX addressing interval while the DO line is 
still in a high impedance state. 


3.0 REFERENCE CONSIDERATIONS 


The voltage applied to the reference input on these convert- 
ers, VREFIN, defines the voltage span of the analog input 
(the difference between Vin(max) and Vinqminy over which 
the 256 possible output codes apply. The devices can be 
used either in ratiometric applications or in systems requir- 
ing absolute accuracy. The reference pin must be connect- 
ed to a voltage source capable of driving the reference input 
resistance which can be as low as 1.3k0. This pin is the top 
of a resistor divider string and capacitor array used for the 
successive approximation conversion. . 


In a ratiometric system the analog input voltage is propor- 
tional to the voltage used for the A/D reference. This volt- 
age is typically the system power supply, so the VreelN pin 
can be tied to Vcc (done internally on the ADC08032). This 
technique relaxes the stability requirements of the system 
reference. as the analog input and A/D reference move to- 
gether maintaining the same output code for a given input 
condition. 


For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
For the ADC08034 and the ADC08038 a band-gap derived 
reference voltage of 2.6V (Note 8) is tied to VREFOUT. This 
can be tied back to VaeriN. Bypassing VRgFOUT with a 
100pF capacitor is recommended. The LM385 and LM336 
reference diodes are good low current devices to use with 
these converters. 


The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals VRer/ 
256). 


TRANSDUCER 


+ 


ADC08038 -VREF IN 
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b) Absolute with a Reduced Span 


Functional Description (continued) 


4.0 THE ANALOG INPUTS 


The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 


The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 


to both selected “+” and “—” inputs for a conversion 
(60 Hz is most typical). The time interval between sampling 
the “+” input and then the “‘—” input is 14 of a clock peri- 


od. The change in the common-mode voltage during this 
short time interval can cause conversion errors. For a sinus- 
oidal common-mode signal this error is: 


0.5 
Verror(max) = VpEaK(27fcom) (2) 
CLK 


where fcy is the frequency of the common-mode signal, 
VpEak is its peak voltage value 
and fc_K is the A/D clock frequency. 


For a 60Hz common-mode signal to generate a 1/, LSB er- 
ror (~5mV) with the converter running at 250kHz, its peak 
value would have to be 6.63V which would be larger than 
allowed as it exceeds the maximum analog input limits. 


Source resistance limitation is important with regard to the 
DC leakage currents of the input multiplexer. Bypass capac- 
itors should not be used if the source resistance is greater 
than 1k9. The worst-case leakage current of +1mA over 
temperature will create a 1mV input error with a 1kQ source 
resistance. An op amp RC active low pass filter can provide 
both impedance buffering and noise filtering should a high 
impedance signal source be required. 


5.0 OPTIONAL ADJUSTMENTS 


5.1 Zero Error 


The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN), is not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any Vij (—) input at this VIN(MIN) Value. This 
utilizes the differential mode operation of the A/D. 


The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the Vij (—) input and applying a small 
magnitude positive voltage to the Vij (+) input. Zero error 
is the difference between the actual DC input voltage which 
is necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal 14 LSB value 
(/2 LSB = 9.8mV for VaeF = 5.000Vpc). 


5.2 Full Scale 


The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 11/ LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the VaeFiN input (or Vcc for the ADC08032) for a 
digital output code which is just changing from 1111 1110 to 
1141 1111. 


5.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 


If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A Vij (+) voltage which 
equals this desired zero reference plus 14 LSB (where the 
LSB is calculated for the desired analog span, using 1 LSB 
= analog span/256) is applied to selected “+” input and 
the zero reference voltage at the corresponding ‘‘—” input 
should then be adjusted to just obtain the O0HEx to O1HEx 
code transition. 


The full-scale adjustment should be made [with the proper 
Vin (—) voltage applied] by forcing a voltage to the Vin (+) 
input which is given by: 


(Vmax — “at 
256 


Vin (+) fs adj = Vax — 1.5 
where: 

Vmax = the high end of the analog input range 
and 


Vain = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 
The VreriN (or Vcc) voltage is then adjusted to provide a 
code change from FEyEx to FFyex. This completes the ad- 
justment procedure. 
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Applications 


START 


NO 
PUSH TO 
START THE 
A/D CONVERSION 


0.001 pF 


a CLOCK 


GENERATOR 


*Pinouts shown for ADC08038. 
For all other products tie to pin functions as shown. 


A “Stand-Alone” Hook-Up for ADC08038 Evaluation 


MUX ADDRESS 


— ee _— Ooo 


VREF IN 


f 1/2 74074 


PARALLEL INPUTS 


INPUT SHIFT REGISTER 
740165 


ANALOG INPUTS 


ADC08038 


AGND OGND VREF OUT 


OUTPUT SHIFT REGISTER 
740164 


DATA DISPLAY 


Low-Cost Remote Temperature Sensor 


A0cO8031 


O 5Vpc 


——— START BIT 


SGL/DIF 


Vec 
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Applications (continuea) 


Digitizing a Current Flow 


———+ 'Loao (2A FULL-SCALE) 


ADC08034 
VREF OUT 


VREF IN 


Operating with Ratiometric Transducers 


Voc 
(5 Vp¢) 
O 


ADCO8031 


VREF IN 


*Vin(—) = 0.15 Voc 
15% of Voc < VxpR < 85% of Voc 
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Applications (Continued) 


Span Adjust; OV < Vin < 3V 


Vec 
(5 Vpe) 


ADC08031 


Zero-Shift and Span Adjust: 2V < Viy < 5V 


Vec 
(5 Voc) 
EJ 


ADC08031 


VREF IN 


SETS ZERO 
CODE VOLTAGE 


1k 
2Voc 
ZERO ADJ 
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Applications (continued) 


Protecting the Input High Accuracy Comparators 


5V 


SYSTEM 
TEST 


POINTS ADC08038 


ADC08032 


+ + + + + 


CoM 
AGND GND 


DO = all 1s if +Vij > —Vin 
DO = all Os if +Vin < —Vin 
Diodes are 1N914 


TL/H/10555-25 


Digital Load Cell 


ADC08031 


STRAIN GAUGE 
LOAD CELL 
3002/30 mV F.S. 


e Uses one more wire than load cell itself 

© Two mini-DIPs could be mounted inside load cell for digital output transducer 

© Electronic offset and gain trims relax mechanical specs for gauge factor and offset 
¢ Low level cell output is converted immediately for high noise immunity 


Dl 
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Applications (Continued) 


4 mA-20 mA Current Loop Converter 


Vcc 
CD4024 


LM385-2.5V —IN  apcoso31 = CS 


6N139 
OPTO COUPLER 


LM385-2.5V 


| 


e All power supplied by loop : TL/H/10555-28 
e 1500V isolation at output 


Isolated Data Converter 


TRANSFORMER 


TRW-TC-SS0-32 Ina 


2N2222 1N4148 


ADC08038 


2N2222 , 8 ANALOG 
CHANNELS 


DGND  AGND 


= 6N139 HIGH GAIN e No power required remotely 
OPTOCOUPLER © 1500V isolation TL/H/10555-29 


CA National 
Semiconductor 


ADC08061/ADC08062/ADC08064/ADC08068 
500 ns A/D Converter with S/H Function and Input 
Multiplexer 


General Description Key Specifications 

Using a patented multi-step A/D conversion technique, the  ™ Resolution 8 bits 
8-bit ADC08061, ADC08062, ADC08064, and ADCO8068 _ _—sim Conversion Time 560 ns max (WR-RD Mode) 
CMOS A/D converters offer 500 ns conversion time, inter- m Full Power Bandwidth 300 kHz 
nal sample-and-hold (S/H), and dissipate only 100 mW of Throughput rate 1.5 MHz 


power. The ADC08062, ADC08064, and ADC08068 include, 
respectively, a 2-, 4-, and 8-channel multiplexer. The 
ADC08061/2/4/8 family performs an 8-bit conversion with 
a 2-bit voltage estimator that generates the 2 MSBs and two 
low-resolution (3-bit) flashes that generate the 6 LSBs. . 
Input signals are tracked and held by the input sampling m1, 2; 4, of 8 input channels 

circuitry, eliminating the need for an external sample-and- ™@ No external clock required 

hold. The ADC08061/2/4/8 family can perform accurate  ™ Analog input voltage range from GND to V+ 
conversions of full-scale input signals at frequencies from  ™ Overflow output available for cascading (ADC08061) 

dc to typically more than 300 kHz (full power bandwidth) m= ADCO8061 pin-compatible with the industry standard 


@ Power Dissipation 100 mW max 
@ Total Unadjusted Error +% LSB and +1 LSB 


Features 


without the need of an external sample-and-hold (S/H). ADC0820 
For ease of interface to microprocessors, these parts have ™ ADCO8064 and ADCO08068 are pin compatible with 
been designed to appear as a memory location or I/O port AD7824 and AD7828, respectively 


without the need for external interfacing logic. 


Applications 

& Mobile telecommunications 

@ Hard disk drives 

@ Instrumentation 

@ High-speed data acquisition systems 


Block Diagram 


OFL® 
DB7 (MSB) 


Vin®> Vina®* 
Vin2** 
Vina** 


Vina*® 
soe 


Vins 
Vine*** 


Vin7*** 
Vins*** 


Tri-State 
Buffers 


FF ft FF 


MODE 


cs RD WR/RDY AO** At** Azeee 


*ADC08061 
**ADC08062, ADC08064, and ADC08068 
***ADC08064 and ADCO8068 

****ADC08068 


TL/H/11086-1 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, Lead Temperature (Note 5) 
please contact the National Semiconductor Sales N Pazkage (Soldering, 10 sec.) + 260°C 
Office/Distributors for availability and specifications. J Package (Soldering, 10 sec.) + 300°C 
Supply Voltage (V+) 6V WM Package (Vapor Phase, 60 sec.) +21 abe 
Logic Control Inputs —0.3V to V+ + 0.3V WM Packagp sIniarad 12sec) tear 
Voltage at Other Inputs and Outputs —0.3VtoVt + 0.3V ESD Susceptibility (Note 6) By 
Input Current at Any Pin (Note 3) 5mA Operating Ratings (Notes 1 & 2) 
Paekage Inpat Current (Note 3) 20 mA Temperature Range Tate = Te = Toe 
Power Dissipation (Note 4) ADC08061/2/4/8BIN, 
N Package 875 mW ADC08061/2/4/8CIN, 
J Package 875 mW ADC08061/2/4/8BIWM, 
WM Package 875 mW ADC08061 /2/4/8CIWM, 
Storage Temperature —65°C to + 150°C ADC08061/2/4/8BlJ, 
ADC08061/2/4/8ClJ —  —40°C < Ta < 85°C 
ADC08061/2/4/8CMJ .  —55°C < Ta < 125°C 
Supply Voltage, (V+) 4.5V to 5.5V 


Converter Characteristics 
The following specifications apply for RD Mode, V+ = 5V, VReF+ = 5V, and Vaer— = GND unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


Limits Units 
(Note 8) (Limit) 


Typical 
(Note 7) 


INL Integral Non Linearity ADC08061/2/4/8 
BIN, BIJ, BIWM ty, LSB (max) 
ADC08061 /2/4/8 
+ 
CIN, Clu, CIWM, CMJ he aeal ? cate binds 
TUE Total Unadjusted Error ADC08061/2/4 
+1 
ADCO8068BIN 
’ + 
Bld, BIWM (Note 12) Li ee ee 
ADC08061/2/4/8 
+ 
CIN, Clu, CIWM, CMJ eo = Hee inex) 
Missing Codes es 
Reference Input Resistance 700 O(min) 
700 2 (max) 
VREF+ Positive Reference VreF— V (min) 
Input Voltage vt V (max) 
VREF— Negative Reference GND V (min) 
Input Voltage VrREF+ V (max) 
VIN Analog (Note 10) GND — 0.1 V (min) 
Input Voltage vt +0.1 V (max) 
On Channel Input On Channel Input = 5V, = 
Current Off Channel Input = OV (Note 11) | oa | -20 | pray) 
On Channel Input = OV, a 
Off Channel Input = 5V (Note 11) fo | -20 | pA (max) 
PSS Power Supply Sensitivity V+ = 5V 5%, Vraer = 4.75V 
All Codes Tested tie 1, LSB (max) 
CMu Suffix t% 
Petectvests | CC“! 7! | | Bits 
FulPowerBandwidth | | 800] 
THD | TotalHarmonioDistoron | | S| 
SignaltoNoiseRaio | | || 
intermodulationDistoron | | || 
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AC Electrical Characteristics 


Boldface limits apply for Ta = Ty = Tyn to Tmax; all other limits Ta = Ty = 25°C. 


Typical 
—_— a ee ee (Note 7) 
twr Write Time Mode Pin to V+; 400 
(Figures 2a, 2b, and 3) 
tRD Read Time (Time from Falling Edge Mode Pin to V+; (Figure 2a) 
of WR to Falling Edge of RD) CMJ Suffix 
tRDw RD Width Mode Pin to GND; (Figure 4) 200 
400 400 
tconv WR-RD Mode Conversion Time Mode Pin to V+; (Figure 2a) 
(twr + tAD + tacci) CMJ Suffix 
tcRD RD Mode Conversion Time Mode Pin to GND; (Figure 1) 
CMJ Suffix 


Limits 
(Note 8) 


© © N 
a Oo Co] 
(oe) ° 


8908000V/7908090V/z90800dV/190800aV 


tacco Access Time (Delay from Falling Edge | C, < 100 pF 
of RD to Output Valid) Mode Pin to GND; (Figure 1) 900 
CMJ Suffix 940 
tacci Access Time (Delay from Falling Edge C_ < 10 pF 45 
of RD to Output Valid) C, = 100 pF 50 
Mode Pin to V+, tap < tiNTL 
(Figure 2a) 
CMJ Suffix 
tacce Access Time (Delay from Falling Edge | C. < 10 pF 25 
2 of RD to Output Valid) Cy. = 100 pF 30 
tRD > tinTL: (Figures 2b and 4) 
CMJ Suffix 


tiH, toy =| TRI-STATE® Control (Delay from RL = 3kQ, Cy = 10 pF 30 
Rising Edge of RD to HI-Z State) 

tINTL Delay from Rising Edge of (Figures 2b, and 3) 520 
WR to Falling Edge of INT Mode Pin = V+, Ci = 50 pF 

tINTH Delay from Rising Edge of C_ = 50 pF; (Figures 1, 2a, 2b, and 4) 50 
RD to Rising Edge of INT CMJ Suffix 

tINTH Delay from Rising Edge of C. = 50 pF; (Figure 3) 45 
WR to Rising Edge of INT CMJ Suffix 

5 


troy Delay from CS to RDY Mode Pin = OV, C, = 50 pF, 
RL = 3kQ (Figure 1) 
CMJ Suffix 


tip Delay from INT to Output Valid RL = 3k, C_ = 100 pF; (Figure 3) 


tr Delay from RD to INT Mode Pin = V+, tap < tinTL; (Figure 2a) 
CMuJ Suffix 
tn Time between End of RD (Figures 1, 2a, 2b, Zand 4) 
and Start of New Conversion 

taH Channel Address Hold Time (Figures 1, 2a, 2b, 3and 4) 10 
tas Channel Address Setup Time (Figures 1, 2a, 2b, Zand 4) 0 
tess CS Setup Time (Figures 1, 2a, 2b, 3and 4) 

tCSH CS Hold Time (Figures 1, 2a, 2b, 3and 4) 


Cun | Analog Input Capacitance ae 


Cour _| Logic Output Capacitance pee ee 
Cn ___| Logic Input Capacitance ee a gee 


2 
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The following specifications apply for V+ = 5V, tr = tf = 10 ns, VReF+ = 5V, VaeF— = OV unless otherwise specified. 


Units 
(Limit) 


ns (min) 


ns (min) 


ns (min) 
ns (max) 


ns (max) 


ns (max) 


ns (max) 


ns (max) 


ns (max) 


ns (min) 


ns (max) 


ns (max) 


ns (max) 


ns (max) 


ns (max) 


ns (max) 


ns (min) 


ns (min) 
ns (max) 
ns (max) 
ns (min) 
pF 
pF 
pF 


©O 
© 
s DC Electrical Characteristics the following specifications apply for V+ = 5V unless otherwise specified. 
© Boldface limits apply for Ta = Ty = Twin to Tax; all other limits Ta = Ty = 28°C. 
a : 
<x a Typical Limits Units 
i se (Note 7) _| (Notes) | _ (Limit 
© 
= Vin Logic “1” Input Voltage Vt = 5.5V 
r—) CS, WR, RD, AO, A1, A2 Pins V (min) 
4 Mode Pin V (min) 
< VIL Logic “0” Input Voltage Vt = 4.5V 
a TS, WR, RD, AO, A1, A2 Pins V (max) 
= Mode Pin V (max) 
(=) 
(S) Ts) Logic “1” Input Current Vin = 5V 
= CS, RD, AO, A1, A2 Pins 0.005 yA (max) 
a WR Pin 0.1 pA (max) 
2 Mode Pin 50 pA (max) 
4 mn Logic “0” Input Current Vit = OV 
4 CS, RD, WR, AO, A1, A2 Pins pA (max) 
<x Mode Pin 
VoH Logic ‘‘1” Output Voltage Vt = 4,75V 
louT = —360 nA 
DBO-DB7, OFL, INT V (min) 
lout = —10 pA 
DBO-DB7, OFL, INT V (min) 
VoL Logic “0” Output Voltage V+ = 4,75V 
louT = 1.6mA V (max) 
DBO-DB7, OFL, INT, RDY 
lo TRI-STATE Output Current Vout = 5.0V 
DBO-DB7, RDY ae primen} 
Vout = OV 
DBO-DB7, RDY BA Gee 
ISOURCE Output Source Current Vout = OV ; 
DBO-DB7, OFL, INT ene frit 
ISINK Output Sink Current Vout = 5V F 
DBO-DB7, OFL, INT, RDY sis s detes, 
Ic Supply Current CS = WR=RD=0 11.5 [| 20 mA (max) 
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Electrical Characteristics (Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. Operating Ratings indicate conditions for which the device is functional, but do not guarantee performance limits. 
For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some 
performance characteristics may degrade when the device is not operated under the listed test conditions. ' 


Note 2: All voltages are measured with respect to the GND pin, unless otherwise specified. 


Note 3: When the input voltage (Vij) at any pin exceeds the Power supply voltage (Vij < GND or Vin > V+), the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current specification limits the number of pins that can exceed the power supply boundaries with a 5 mA current 
limit to four. 


Note 4: The power dissipation of this device under normal operation should never exceed 875 mW (Quiescent Power Dissipation + TTL Loads on the digital 
outputs). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fault condition (e.g., when any input or 
output exceeds the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjyax (maximum junction 
temperature), @ja (package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature 
is PDmax = (TuMAX — Ta)/Oyq or the number given'in the Absolute Maximum Ratings, whichever is lower. The table below details Tymax and 6 ja for the various 
packages and versions of the ADC08061/2/4/8. 


Part Number 


ADC08061/2BIJ 
ADC08061 /2ClJ 
ADC08061/2CMJ 
ADC08061 /2BIN 
ADC08061/2CIN 
ADC08061/2BIWM 
ADC08061 /2CIWM 


ADCO8064BIJ 
ADCO08064ClJ 
ADCO08064CMJ 
ADCO08064BIN 
ADCO08064CIN 
ADC08064BIWM 
ADCO08064CIWM 


ADCO8068BIJ 
ADCO8068ClJ 
ADCO8068CMJ 
ADCO8068BIN 
ADCO8068CIN 
ADCO08068BIWM 
ADCO8068CIWM 


Note 5: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount devices. 
Note 6: Human body model, 100 pF discharged through a 1.5 kO. resistor. 


Note 7: Typicals are at 25°C and represent most likely parametric norm. 
Note 8: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 
Note 9: Total unadjusted error includes offset, full-scale, and linearity errors. 


Note 10: Two on-chip diodes are tied to each analog input and are reversed biased during normal operation. One is connected to V+ and the other is connected to 
GND. They will become forward biased and conduct when an analog input voltage is equal to or greater than one diode drop above V+ or below GND. Therefore, 
caution should be exercised when testing with V+ = 4.5V. Analog inputs with magnitudes equal to 5V can cause an input diode to conduct, especially at elevated 
temperatures. This can create conversion errors for analog signals near full-scale. The specification allows 50 mV forward bias on either diode; e.g., the output 
code will be correct as long as the analog input signal does not exceed the supply voltage by more than 50 mV. Exceeding this range on an unselected channel will 
corrupt the reading of a selected channel. An absolute analog input signal voltage range of OV < Vix < 5V can be achieved by ensuring that the minimum supply 
voltage applied to V+ is 4.950V over temperature. variations, initial tolerance, and loading. 


Note 11: Off-channel leakage current is measured after the on-channel selection. 


Note 12: For the “B” grade parts, the offset error for ViN7 and Ving is up to 1/4 LSB larger than for the other channels. Therefore, the Total Unadjusted Error (TUE) 
for the ADC08068 is 1/% LSB larger than for the ADC08061, ADC08062, and ADC08064. Linearity error is unaffected. 
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TRI-STATE Test Circuits and Waveforms 
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FIGURE 1. RD Mode (Mode Pin is Low) 


Timing Diagrams (Continued) 
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FIGURE 2a. WR-RD Mode (Mode Pin is High and tap < tinTL) 
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FIGURE 2b. WR-RD Mode (Mode Pin is High and tap > tINTL) 
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Timing Diagrams (Continued) 
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FIGURE 3. WR-RD Mode (Mode Pin is High) Reduced Interface System Connection (CS = RD = 0) 
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FIGURE 4. RD Mode (Pipeline Operation) (Mode Pin is Low and tapw must be between 200 ns and 400 ns) 


Typical Performance Characteristics 
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Connection Diagrams 
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Dual-In-Line and Wide-Body 
Small-Outline 
Packages J20A, N20A or M20B 


TL/H/11086-16 


Dual-In-Line and Wide-Body 
Small-Outline 
Packages J24A, N24A or M24B 
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ADCO08068 
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VREF= 


TL/H/11086-15 bi 

Dual-In-Line and Wide-Body INT 

Small-Outline GND 
Packages J20A, N20A or M20B 


TL/H/11086-17 
Dual-In-Line and Wide-Body 
Small-Outline 


Industrial (— 40°C < Ta < 85°C) 


ADC08061 BIN, ADCO8061CIN, 


ADCO08062BIN, ADCO8062CIN N20A 
ADCO8064BIN, ADCO8064CIN N24C 
ADCO8068BIN, ADCO8068CIN N28B 


ADC08061BIWM, ADCO8061CIWM, 


ADC08062BIWM, ADCO8062CIWM M20B 
ADCO8064BIWM, ADCO8064CIWM M24B 
ADCO8068BIWM, ADCO8068CIWM M28B 


ADC08061 BIJ, ADC08061Cld, 


ADCO08062BIJ, ADCO8062ClJ J20A 
ADCO08064BIJ, ADCO8064ClU J24A 
ADCO8068BIJ, ADCO8068ClJ J28A 


Military (—55°C < Ta < 125°C) Package 


ADC08061CMu, ADCO8062CMJ J20A 
ADCO08064CMJ J24A 
ADCO8068CMJ J28A 
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Pin Description 
Vins Vini-g These are analog inputs. The input range is 


GND-50 mV < Vinput < V+ + 50 mV. The 
ADC08061 has a single input (Vij), the 
ADC08062 has a two-channel multiplexer 
(Vini-2), the ADC08064 has a four-channel 
multiplexer (Vini—4), and the ADCO8068 has 
an eight-channel multiplexer (Vjj4_8). 


TRI-STATE data outputs—bit 0 (LSB) through 
bit 7 (MSB). 

WR-RD Mode (Logic high applied to MODE 
pin) 

WR: With CS low, the conversion is started on 
the falling edge of WR. The digital result will be 
strobed into the output latch at the end of con- 
version (see Figures 2a, 2b, and 3). 


RD Mode (Logic low applied to MODE pin) 
RDY: This is an open drain output (no internal 
pull-up device). RDY will go low after the falling 
edge of CS and return high at the end of con- 
version. 


Mode: Mode (RD or WR-RD) selection input— 
This pin is pulled to a logic low through an inter- 
nal 50 A current sink when left unconnected. 
RD Mode is selected if the MODE pin is left 
unconnected or externally forced low. A com- 
plete conversion is accomplished by pulling RD 
low until output data appears. 

WR-RD Mode is selected when a high is ap- 
plied to the MODE pin. A conversion starts with 
the WR signal’s rising edge and then using RD 
to access the data. 

WR-RD Mode (logic high on the MODE pin) 
This is the active low Read input. With a logic 
low applied to the CS pin, the TRISTATE data 
outputs (DBO—DB7) will be activated when RD 
goes low (see Figures 2a, 2b and 3). 

RD Mode (logic low on the MODE pin) 

With CS low, a conversion starts on the falling 
edge of RD. Output data appears on DBO-DB7 
at the end of conversion (see Figures 7 and 4). 


This is an active low output that indicates that a 
conversion is complete and the data is in the 
output latch. INT is reset by the rising edge of 
RD. 


This is the power supply ground pin. The 
ground pin should be connected to a “clean” 
ground reference point. 

These are the reference voltage inputs. They 
may be placed at any voltage between GND — 
50 mV and V+ + 50 mV, but Vaer+ must 


be greater than Vper_. Ideally, an input volt- 
age equal to VaeF— produces an output code 
of 0, and an input voltage greater than Veer + 
— 1.5 LSB produces an output code of 255. 


For the ADC08062/4/8, an input voltage on 
any unselected input that exceeds V+ by more 
than 100 mV or is below GND by more than 
100 mV will create errors in a selected channel 
that is operating within proper operating condi- 
tions. 

This is the active low Chip Select input. A logic 
low signal applied to this input pin enables the 
RD and WR inputs. Internally, the CS signal is 
ORed with RD and WR signals. 


Overflow Output. If the analog input is higher 
than VReF+ — 1% LSB, OFL will be low at the 
end of conversion. It can be used when cas- 
cading two ADC08061s to achieve higher reso- 
lution (9 bits). This output is always active and 
does not go into TRI-STATE as DBO-DB7 do. 
When OFL is set, all data outputs remain high 
when the ADC08061’s output data is read. 


No connection. 


On the ADC08062, ADC08064 and ADC08068, 
these logic inputs are used to select one of the 
input multiplexer’s channels. The ADCO8062 
has a single multiplexer control input (AO), the 
ADC08064 has two multiplexer control inputs 
(AO and A1), and the ADC08064 has three mul- 
tiplexer control inputs (AO, A1, and A2). A chan- 
nel is selected as shown in the table below. 


ADC08062) ADC08064 | ADC08068 
AO Ai AO |A2 Ai AO 


: : 
1 0 
1 1 


Positive power supply voltage input. Nominal 
operating supply voltage is +5V. The supply 
pin should be bypassed with a 10 uF bead tan- 
talum in parallel with a 0.1 ceramic capacitor. 
Lead length should be as short as possible. 


8908000V/r7908000V/2908000V/1908000V 


ADC08061/ADC08062/ADC08064/ADC08068 


Application Information 


1.0 FUNCTIONAL DESCRIPTION 


The ADC08061, ADC08062, ADC08064, and ADCO8068 
perform an 8-bit analog-to-digital conversion using a multi- 
step flash technique. The first flash generates the five most 
significant bits (MSBs) and the second flash generates the 
three least significant bits (LSBs). Figure 5 shows the major 
functional blocks of the ADC08061/2/4/8’s multi-step flash 
converter. It consists of an over-encoded 2'/-bit Voltage 
Estimator, an internal DAC with two different voltage spans, 
a 3-bit half-flash converter and a comparator multiplexer. 


The resistor string near the center of the block diagram in 
Figure 5 forms the internal main DAC. Each of the eight 
resistors at the bottom of the string is equal to 1/256 of the 
total string resistance. These resistors form the LSB Lad- 
der and have a voltage drop of 1/256 of the total reference 
voltage (VReF+ — VReEF—) across them. The remaining re- 
sistors make up the MSB Ladder. They are made up of 
eight groups of four resistors connected in series. Each 
MSB Ladder section has ¥% of the total reference voltage 
across it. Within a given MSB Ladder section, each of the 
MSB resistors has 8/256, or 1%. of the total reference 


Vin 


a 


aan 


VW 
ee 


VVVV\ 


VOLTAGE ESTIMATOR DECODER 


Bene 


voltage across it. Tap points are found between all of the 
resistors in both the MSB and LSB Ladders. Through the 
Comparator Multiplexer these tap points can be connected, 
in groups of eight, to the eight comparators shown at the 
right of Figure 5. This function provides the necessary refer- 
ence voltages to the comparators during each flash conver- 
sion. 


The six comparators, seven-resistor string (estimator DAC), 
and Estimator Decoder at the left of Figure 5 form the Volt- 
age Estimator. The estimator DAC connected between 
Vrer+ and Vraer— generates the reference voltages for 
the six Voltage Estimator comparators. These comparators 
perform a very low resolution A/D conversion to obtain an 
“estimate” of the input voltage. This estimate is then used 
to control the Comparator Multiplexer, connecting the ap- 
propriate MSB Ladder section to the eight flash compara- 
tors. Only 14 comparators, six in the Voltage Estimator and 
eight in the flash converter, are needed to achieve the fuli 
eight-bit resolution, instead of 32 comparators that would be 
needed by traditional half-flash methods. 
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FIGURE 5. Block Diagram of the ADC0806X Multi-Step Flash Architecture 


Application Information (continued) 


A conversion begins with the Voltage Estimator comparing 
the analog input signal against the six tap voltages on the 
estimator DAC. The estimator decoder then selects one of 
the groups of tap points along the MSB Ladder. These eight 
tap points are then connected to the eight flash compara- 
tors. For example, if the analog input signal applied to Vij is 
between 0 and 34, of VaeF (VREF = Vrer+ — Vaer—), the 
estimator decoder instructs the comparator multiplexer to 
select the eight tap points between 8/256 and 2/8 of VreF 
and connects them to the eight flash comparators. The first 
flash conversion is now performed, producing the five MSBs 
of data. 


The remaining three LSBs are generated next using the 
same eight comparators that were used for the first flash 
conversion. As determined by the results of the MSB flash, 
a voltage from the MSB Ladder equivalent to the magnitude 
of the five MSBs is subtracted from the analog input voltage 
as the upper switch is moved from position one to position 
two. The resulting remainder voltage is applied to the eight 
flash comparators and, with the lower switch in position two, 
compared with the eight tap points from the LSB Ladder. 


By using the same eight comparators for both flash conver- 
sions, the number of comparators needed by the multi-step 
converter is significantly reduced when compared to stan- 
dard half-flash techniques. 


Voltage Estimator errors as large as 14, of Vper (16 LSBs) 
will be corrected since the flash comparators are connected 
to ladder voltages that extend beyond the range specified 
by the Voltage Estimator. For example, if 74. Vaer < Vin < 
%e6 VRerF the Voltage Estimators comparators tied to the 
tap points below %. Vrer will output “1”s (000111). This is 
decoded by the estimator decoder to “10”. The eight flash 
comparators will be placed at the MSB Ladder tap points 
between 34 Vrer and 5% Vref. The overlap of 4g VaeF on 
each side of the Voltage Estimator’s span will automatically 
correct an error of up to 16 LSBs (16 LSBs = 312.5 mV for 
VreF = 5V). If the first flash conversion determines that the 
input voltage is between 34 Vref and 4/8 Varr — LSB/2, 
the Voltage Estimator’s output code will be corrected by 
subtracting “1”. This results in a corrected value of “01”. If 
the first flash conversion determines that the input voltage is 
between 8/16 VaeF — LSB/2 and 5% Vper, the Voltage 
Estimator’s output code remains unchanged. 


After correction, the 2-bit data from both the Voltage Esti- 
mator and the first flash conversion are decoded to produce 
the five MSBs. Decoding is similar to that’ of a 5-bit flash 
converter since there are 32 tap points on the MSB Ladder. 
However, 31 comparators are not needed since the Voltage 
Estimator places the eight comparators along the MSB Lad- 
der where reference tap voltages are present that fall above 
and below the magnitude of Vij. Comparators are not need- 
ed outside this selected range. If a comparator’s output is a 
“0”, all comparators above it will also have outputs of “0” 
and if a comparator’s output is a ‘‘1”, all comparators below 
it will also have outputs of “1”. 


2.0 DIGITAL INTERFACE 


The ADC08061/2/4/8 has two basic interface modes which 
are selected by connecting the MODE pin to a logic high or 
low. 


2.1 RD Mode 


With a logic low applied to the MODE pin, the converter is 
set to Read mode. In this configuration (see Figure 7), a 
complete version is done by pulling RD low, and holding 
low, until the conversion is complete and output data ap- 
pears. This typically takes 655 ns. The INT (interrupt) line 
goes low at the end of conversion. A typical delay of 50 ns is 
needed between the rising edge of RD (after the end of a 
conversion) and the start of the next conversion (by pulling 
RD low). The RDY output goes low after the falling edge of 
CS and goes high at the end-of-conversion. It can be used 
to signal a processor that the converter is busy or serve as a 
system Transfer Acknowledge signal. 


2.2 RD Mode Pipelined Operation 


Applications that require shorter RD pulse widths than those 
used in the Read mode as described above can be 
achieved by setting RD’s width between 200 ns—400 ns 
(Figure 4). RD pulse widths outside this range will create 
conversion linearity errors. These errors are caused by exer- 
cising internal interface logic circuitry using CS and/or RD 
during a, conversion. 


When RD goes low, a conversion is initiated and the data 
from the previous conversion is available on the DBO—DB7 
outputs. Reading DO-D7 for the first time after power-up 
produces random data. The data will be valid during the 
second RD pulse that occurs after the first conversion. 


2.3 WR-RD (WR then RD) Mode 


The ADC08061/2/4/8 is in the WR-RD mode with the 
MODE pin tied high. A conversion starts on the falling edge 
of the WR signal. There are two options for reading the 
output data which relate to interface timing. If an interrupt- 
driven scheme is desired, the user can wait for the INT out- 
put to go low before reading the conversion result (see Fig- 
ure 2b). Typically, INT will go low 520 ns, maximum, after 
WR’s rising edge. However, if a shorter conversion time is 
desired, the processor need not wait for INT and can exer- 
cise a read after only 350 ns (see Figure 2a ). If RD is pulled 
low before INT goes low, INT will immediately go low and 
data will appear at the outputs. This is the fastest operating 
mode (tRD < tinTL) with a conversion time, including data 
access time, of 560 ns. Allowing 100 ns for reading the 
conversion data and the delay between conversions gives a 
total throughput time of 660 ns (throughput rate of 1.5 MHz). 


2.4 WR-RD Mode with Reduced Interface 
System Connection 


CS and RD can be tied low, using only WR to control the 
start of conversion for applications that require reduced digi- 
tal interface while operating in the WR-RD mode (Figure 3). 
Data will be valid approximately 705 ns following WR’s ris- 
ing edge. 
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Application Information (Continued) 


2.5 Multiplexer Addressing 


The ADC08062, ADC08064, and ADC08068 have, respec- 
tively, 2, 4, and 8 channel multiplexed inputs. These are 
selected using AO (ADC08062), AO-A1 (ADC08064), and 
AO-A2 (ADC08068) multiplexer channel selection inputs. 
Table | shows the input code needed to select a given chan- 
nel. 


TABLE I. Multiplexer Addressing 


ADC08064 ADC08068 
AO | A2 Ai AO 


ADC08062 


0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 


- o+-+ 00+ 0 


The multiplexer address data must be valid at the time of 
RD’s falling edge, remain valid during the conversion, and 
can go high after RD goes high when operating in the Read 
Mode. 


The multiplexer address data should be valid at or before 
the time of WR’s falling edge, remain valid while WR is low, 
and go invalid after WR goes high when operating in the 
WR-RD Mode. 


3.0 REFERENCE INPUTS 


The two Vref inputs of the ADC08061/2/4/8 are fully dif- 
ferential and define the zero to full-scale input range of the 
A to D converter. This allows the designer to vary the span 
of the analog input since this range will be equivalent to the 
voltage difference between VpeF+ and VRer—. Transduc- 
ers with minimum output voltages above GND can also be 
compensated by connecting VReF— to a voltage that is 
equal to this minimum voltage. By reducing Vrer (VREF = 
Vaer+ — Vrer—) to less than 5V, the sensitivity of the 
converter can be increased (i.e., if VaeF = 2.5V, then 
1 LSB = 9.8 mV). The ADC08061/2/4/8’s reference ar- 
rangement also facilitates ratiometric operation and in many 
cases the ADC08061/2/4/8’s power supply can be used 
for transducer power as well as the VreF source. Ratiomet- 
ric operation is achieved by connecting VRer— to GND and 
connecting Vref + and a transducer’s power supply input to 
V+. The ADC08061/2/4/8’s linearity degrades when 
Vaer+ — |Vrer—| is less than 2.0V. 

The voltage at Vaer— sets the input level that produces a 


digital output of all zeros. Though Vjn is not itself differential, 
the reference design affords nearly differential-input capa- 


*Represents a multiplexer channel in the ADC08062, ADC08064, and ADC08068. 
FIGURE 6. ADC08061, ADC08062, ADC08064, and ADC08068 Equivalent Input Circuit Model 


bility for some measurement applications. Figure 6 shows 
one possible differential configuration. 

It should be noted that, while the two Vref inputs are fully 
differential, the digital output will be zero for any analog in- 
put voltage if VReF— = VReFr+- 


4.0 ANALOG INPUT AND SOURCE IMPEDANCE 


The ADC08061/2/4/8’s analog input circuitry includes an 
analog switch with an “on” resistance of 709 and capaci- 
tance of 1.4 pF and 12 pF (see Figure 6). The switch is 
closed during the A/D’s input signal acquisition time (while 
WR is low when using the WR-RD Mode). A small transient 
current flows into the input pin each time the switch closes. 
A transient voltage, whose magnitude can increase as the 
source impedance increases, may be present at the input. 
So long as the source impedance is less than 5000, the 
input voltage transient will not cause errors and need not be 
filtered. 


Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 5009 should be used if rated accuracy is to be 
achieved at the minimum sample time (100 ns maximum). A 
signal source with a high output impedance should have its 
output buffered with an operational amplifier. Any ringing or 
voltage shifts at the op amp’s output during the sampling 
period can result in conversion errors. 


Correct conversion results will be obtained for input volt- 
ages greater than GND — 100 mV and less than Vto+ 
100 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than V+, or more than 
300 mV lower than GND. The current flowing through any 
analog input pin should be limited to 5 mA or less to avoid 
permanent damage to the IC if an analog input pin is forced 
beyond these voltages. The sum of all the overdrive cur- 
rents into all pins must be less than 20 mA. Some sort of 
protection scheme should be used when the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits. A simple protection network using resistors 
and diodes is shown in Figure 8. 


6.0 INHERENT SAMPLE-AND-HOLD 


An important benefit of the ADC08061/2/4/8’s input archi- 
tecture is the inherent sample-and-hold (S/H) and its ability 
to measure relatively high speed signals without the help of 
an external S/H. In a non-sampling converter, regardless of 
its speed, the input must remain stable to at least % LSB 
throughout the conversion process if full accuracy is to be 
maintained. Consequently, for many high speed signals, this 
signal must be externally sampled and held stationary dur- 
ing the conversion. 


The ADC08061, ADC08062, ADC08064, and ADCO8068 
are suitable for DSP-based systems because of the direct 
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External Reference 2.5V Full-Scale 
(Standard Application) 


TL/H/11086-20 


Power Supply as Reference 


Input Not Referred to GND 
VIN(#) 


TL/H/11086-21 


TL/H/11086-22 
*Signal source driving Viy(—) must be capable of 


Note: Bypass capacitors consist of a 0.1 4F ceramic in parallel with a 10 »F bead tantalum. 
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FIGURE 7. Analog Input Options 
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Note the multiple bypass capacitors on the reference and power supply pins. Vrer— should be bypass to analog ground using multiple capacitors if it is not 
grounded (see Section 7.0 “Layout, Grounds, and Bypassing”). Vijj is shown with an optional input protection network. 


FIGURE 8. Typical Connection 


control of the S/H through the WR signal. The WR input 
signal allows the A/D to be synchronized to a DSP system’s 


sampling rate or to other ADC08061, ADCO08062, ~ 


ADC08064, and ADCO8068s. 


The ADC08061 can perform accurate conversions of full- 
scale input signals at frequencies from dc to more than 
300 kHz (full power bandwidth) without the need of an exter- 
nal sample-and-hold (S/H). 


7.0 LAYOUT, GROUNDS, AND BYPASSING 
In order to ensure fast, accurate conversions from the 


ADC08061/2/4/8, it is necessary to use appropriate circuit 


board layout techniques. Ideally, the analog-to-digital con- 
verter’s ground reference should be low. impedance and 
free of noise from other parts of the system. Digital circuits 
can produce a great deal of noise on their ground returns 


and, therefore, should have their own separate ground lines. 
Best performance is obtained using separate ground planes 
for the digital and analog parts of the system. 


The analog inputs should be isolated from noisy signal 
traces to avoid having spurious signals couple to the input. 
Any external component (e.g., an input filter capacitor) con- 
nected across the inputs should be returned to a very clean 
ground point. Incorrectly grounding the ADC08061/2/4/8 
will result in reduced conversion accuracy. 


The V* supply pin, VacF+, and Vrer— (if not grounded) 
should be bypassed with a parallel combination of a 0.1 pF 
ceramic capacitor and a 10 yF tantalum capacitor placed as 
close as possible to the supply pin using short circuit board 
traces. See Figures 7 and 8. 
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General Description 


The ADC08131/ADC08134/ADC08138 are 8-bit succes- 
sive approximation A/D converters with serial 1/O and con- 
figurable input multiplexers with up to 8 channels. The serial 
1/O is configured to comply with the NSC MICROWIRE™ 
serial data exchange standard for easy interface to the 
COPS™ family of controllers, and can easily interface with 
standard shift registers or microprocessors. 


All three devices provide a 2.5V band-gap derived reference 
with guaranteed performance over temperature. 


A track/hold function allows the analog voltage at the posi- 
tive input to vary during the actual A/D conversion, 


The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. In addition, input voltage spans as small as 1V 
can be accommodated. 


Applications 
@ Digitizing automotive sensors 

® Process control/monitoring 

= Remote sensing in noisy environments 
w Embedded diagnostics 


Ordering Information 


Industrial 


es 

| ADcos1a1BIN, ADcostatcIN | NOSE | 
ADC08134BIWM, ADC08134CIWM 

ADCO8138BIWM, ADCOs13eCIWM |  M20B__| 


Military 
(—55°C < Ta < + 125°C) 


ADC08131CMJ JO8A 
ADG08134CMJ J14A 
ADC08138CMJ * J20A 


Package 


36 


ADC08131/ADC08134/ADC08138 8-Bit High-Speed 
Serial 1/O A/D Converters with Multiplexer Options, 
Voltage Reference, and Track/Hold Function 


Key Specifications 


Connection Diagrams 


Features 

@ Serial digital data link requires few I/O pins 

@ Analog input track/hold function 

@ 4- or 8-channel input multiplexer options with address 
logic 

@ On-chip 2.5V band-gap reference (2% over tempera- 
ture guaranteed) 

w No zero or full scale adjustment required 

& TTL/CMOS input/output compatible 

B OV to 5V analog input range with single 5V power 
supply 


8 Bits 

8 ps (Max) 

20 mW (Max) 

5 Voc (45%) 

+1% LSB and +1 LSB 
+¥% LSB 


Resolution 

Conversion time (f¢ = 1 MHz) 
Power dissipation 

Single supply 

Total unadjusted error 
Linearity Error (VaeF = 2.5V) 
No missing codes (over temperature) 

On-board Reference +2.5V +1.5% (Max) 


ADC08138 ADC08134 
Dual-In-Line and Dual-In-Line and 
Small Outline Small Outline 
Packages Packages 


CHO 
CH1 
CH2 
CH3 
CH4 
CHS 
CH6 
CH7 
COM 
DGND 
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TL/H/10749-2 Small Outline Package 


ADC08131 
Dual-in-Line Package 
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Absolute Maximum Ratings (notes 1 & 3) Operating Ratings (notes 2 3) 


If Military/Aerospace specified devices are required, Temperature Range TmIN < Ta < Tmax 
please contact the National Semiconductor Sales ADC08131BIN, ADC08131CIN, —40°C < Ta < +85°C 
Office/Distributors for availability and specifications. 


ADC08134BIN, ADC08134CIN, 


Supply Voltage (Vice) ree ADC08138BIN, ADC08138CIN, 
Voltage at Inputs and Outputs —0.3V to Voc + 0.3V ADC08131BlJ, ADC08131CW, 
Input Current at Any Pin (Note 4) +5mA ADC08134BlJ, ADCO8134ClJ, 
Package Input Current (Note 4) +20 mA ADC08138BlJ, ADCO8138ClJ, 
Power Diesen at Ta = 25°C (Note 5) 800 mW ADC08131BIWM, ADC08131CIWM, 
eats i i ie 2) 1a ADC08134BIWM, ADCO8138BIWM, 
i Paseuediiaer) Sante ADC08134CIWM, ADC08138CIWM, 
J Package (10 sec.) 300°C ADC08131CMJ, ADC08134CMJ, —55°C < Ta < +125°C 
SO Package: ADC08138CMJ 
Vapor Phase (60 sec.) 215°C Supply Voltage (Vcc) 4.5 Voc to 6.3 Vocg 
Infrared (15 sec.) (Note 7) 220°C 
Storage Temperature —65°C to + 150°C 


Electrical Characteristics 
The following specifications apply for Voc = +5 Voc, VREF = +2.5 Voc and fo_k = 1 MHz unless otherwise specified. 
Boldface limits apply for Ta = Ty = Tyin to Tay; all other limits Ta = Ty = 25°C. 


ADC08131, 


ADC08131, 


posvewerale ADC08134 and 
ADCOS(SS With BIN, ADC08138 with CMJ Units 
Symbol Parameter CIN, BlJ, ClJ, BIWM or _ 
Suffix (Limits) 


CIWM Suffixes 


Typical Limits 
(Note 8) (Note 9) 


Typical Limits 
(Note 8) (Note 9) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 
VREF = +2.5Vpc 


Linearity Error 


BIN, BIWM, BlJ LSB (max) 
CIN, CIWM, ClJ LSB (max) 
CMJ LSB (max) 


Full Scale Error VReF = +2.5Vpc 
BIN, BIWM, BlJ LSB (max) 
CIN, CIWM, Clu LSB (max) 


CMJ 


Zero Error 

BIN, BIWM, BIJ 
CIN, CIWM, ClJ 
CMJ 


LSB (max) 


LSB (max) 
LSB (max) 
LSB (max) 


Total Unadjusted Error 
BIN, BIWM, BIJ LSB (max) 
CIN, CIWM, ClJ +4 LSB (max) 
CMJ LSB (max) 


Differential Linearity VREF = +2.5Vpc | 8 Bits (min) 
Reference Input Resistance | (Note 11) 3.5 3.5 ka, 
kQ, (min) 
kQ. (max) 
Analog Input Voltage (Note 12) (Vee + 0.05) (Wee + 0.05)} V (max) 
(GND — 0.05) (GND — 0.05)| V (min) 
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Electrical Characteristics (continued) 
The following specifications apply for Vcc = +5 Voc, VReF = +2.5 Vpc and fcoLk = 1 MHz unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


BeCuetsh, ADC08131, 
ADC08134 and 
; : ADC08134 and 
ADC08138 with BIN, |  ancos138 with CMJ 
Parameter CIN, BIJ, ClJ, BIWM or Suffix 

CIWM Suffixes 

Typical Limits Typical Limits — 
: (Note 8) (Note 9) (Note 8) (Note 9) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 


DC Common-Mode Error 


Units 
(Limits) 


ADC08131/ADC08134/ADC08138 


Vrer = 2-5 Voc 
Voc = +5V £5%, 
Vrer = +2.5 Voc 


On Channel = 5V, 
Off Channel = OV 


On Channel = OV, 
Off Channel = 5V 


On Channel = 5V, 
Off Channel = OV 


On Channel = OV, 
Off Channel = 5V 


Power Supply Sensitivity LSB (max) 


On Channel Leakage 


Current (Note 13) pA (max) 


Off Channel Leakage 
Current (Note.13) 


fo) 
2 


DIGITAL AND DC CHARACTERISTICS 


Logical “1” Input Voltage Voc = 5.25V 


V (min) 
Logical “0” Input Voltage 


Vin = 5.0V 


Logical 1” Input Current 


VouT(1) 


VouT(0) 


ISOURCE 


Logical “0” Input Current 


Logical ‘1”” Output Voltage 


Logical “0” Output Voltage 


TRI-STATE® Output Current 


Output Source Current 
Output Sink Current 


Supply Current 
ADC08134, ADC08138 
ADC08131 (Note 16) 


Voc = 4.75V 


Voc = 4.75V: 
louT = —360 pA 
lout = —10 pA 
Voc = 4.75V 
lout = 1.6mA 
Vout = OV 
Vout = 5V 


CS = HIGH 


V (min) 
V (min) 


mA (min) 


mA (min) 


mA (max) 
mA (max) 


Electrical Characteristics (continued) 
The following specifications apply for Vcc = +5 Vpc and fcLk = 1 MHz unless otherwise specified. Boldface limits apply for 
Ta = Ty = Tin to Tyax; all other limits Ta = Ty = 25°C. 


ADC08131, 


ADC08134 and ADCOSTST, 
é ADC08134 and 
ADGO5'138 with BIN, ADC08138 with CMJ Unit 
Parameter CIN, BIJ, Clu, BIWM or canbe sprints 
CIWM Suffixes (Limits) 
Typical Limits Typical Limits 
(Note8) | (Note9) | (Notes) | (Note 9) 


REFERENCE CHARACTERISTICS 
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Output Voltage ADC08134, 2.5 Ceeaes 2.5 +1.5% 
ADC08138 +2% mT 2.5 +2% 
ADC08131 2.5 2.5 +1.5% 

+ 9 


AVreF/AT | Temperature Coefficient ie ah 40 


AVref/Al_ | Load Regulation Sourcing 
(Note 17) (0 <I, < +4mA) 
ADC08134, 

ADC08138 


Sourcing 
(0 < IL < +2mA) 
ADC08131 
Sinking 
(-—1 < IL <0OmA) 
ADC08134, 

ADC08138 
Sinking 
(—1 <I, < OmA) 


40 


0.003 0.003 


‘ o 
i) 


0.003 © 0.003 %/MA 


(max) 


ADC08131 : 
Line Regulation 4.768V < Voc < 5.25V 05 os | 
Isc Short Circuit Current VREF = OV 


ADC08134, 
ADC08138 


VREF = OV 

ADC08131 
Start-Up Time Voc: 0V — 5V 
CL =100pF . 


20 
Long Term Stability fF 200 


Oo 
ye) 
[o) 
ie) 


Tsu 


AVrer/At 200 


ppm/1 kHr 
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Electrical Characteristics (Continued) 
The following specifications apply for Vcc = +5 Voc, VREF = +2.5 Vpc and t, = ty = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tmax all other limits Ta = Ty = 25°C. 


Typical Limits Units 
a Jest [_armeter | ators | (Notes) | (Notes) | (Limits) 
folk Clock Frequency 10 kHz (min) 
MHz (max) 
Clock Duty Cycle 40 % (min) 
(Note 14) 60 % (max) 
Tc Conversion Time (Not Including foLk = 1 MHz 8 1/foLk (max) 
MUX Addressing Time) 8 ps (max) 
eg a ee 
tSET-UP CS Falling Edge or Data Input . 
Valid to CLK Rising Edge rs: (min) 
tHoLD Data Input Valid after CLK ; 
Rising Edge nein) 
tpat» tpdo CLK Falling Edge to Output CL = 100 pF: 
Data Valid (Note 15) Data MSB First ns (max) 
Data LSB First ns (max) 
t1H, toH TRI-STATE Delay from Rising Edge C. = 10 pF, RL = 10k 50 ns 
of CS to Data Output and SARS Hi-Z (see TRI-STATE Test Circuits) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional. These ratings do not guarantee specific performance limits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance 
characteristics may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to AGND = DGND = 0 Vpc, unless otherwise specified. 

Note 4: When the input voltage (Vij) at any pin exceeds the power supplies (Vin < (AGND or DGND) or Vin > AVcc,) the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four 
pins. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by TJyjays 63a and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tuayx — T,)/0ya or the number given in the Absolute Maximum Ratings, whichever is lower. For devices 
with suffixes BIN, CIN, Blu, Clu, BIWM, and CIWM Tyyay = 125°C. For devices with suffix CMJ, Tusa = 450°C. The typical thermal resistances (0a) of these 
parts when board mounted follow: ADC08131 with BIN and CIN suffixes 120°C/W, ADC08134 with BIN and CIN suffixes 95°C/W, ADC08138 with BIN and CIN 
suffixes 80°C/W. ADC08131 with BlJ, Clu and CMJ suffixes 120°C/W, ADC08134 with BlJ, ClJ and CMJ suffixes 85°C/W, ADC08138 with BlJ, Clu and CMJ 
suffixes 75°C/W. ADC08131 with BIWM and CIWM suffixes 140 °C/W, ADC08134 with BIWM and CIWM suffixes 140°C/W, ADC08138 with BIWM and CIWM 
suffixes 91°C/W, 

Note 6: Human body model, 100 pF capacitor discharged through a 1.5 kQ. resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or Linear Data Book section ‘Surface Mount” for other methods of 
soldering surface mount devices. 

Note 8: Typicals are at Tj = 25°C and represent the most likely parametric norm. 

Note 9: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Total unadjusted error includes zero, full-scale, linearity, and multiplexer error. Total unadjusted error with VReF = + 5V only applies to the ADC08134 
and ADC08138. See Note 16. 

Note 11: Cannot be tested for the ADC08131. 

Note 12: For Vin(-—) = Vin(+) the digital code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop greater than Vcc supply. During testing at low Voc levels (e.g., 4.5V), high level analog 
inputs (e.g., 5V) can cause an input diode to conduct, especially at elevated temperatures. This will cause errors for analog inputs near full-scale. The specification 
allows 50 mV forward bias of either diode; this means that as long as the analog Vy does not exceed the supply voltage by more than 50 mV, the output code will 
be correct. Exceeding this range on an unselected channel will corrupt the reading of a selected channel. Achievement of an absolute 0 Vpc to 5 Vpc input voltage 
range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance and loading. 

Note 13: Channel leakage current is measured after a single-ended channel is selected and the clock is turned off. For off channel leakage current the following 
two cases are considered: one, with the selected channel tied high (5 Vpc) and the remaining seven off channels tied low (0 Vpc), total current flow through the off 
channels is measured; two, with the selected channel tied low and the off channels tied high, total current flow through the off channels is again measured. The two 
cases considered for determining on channel leakage current are the same except total current flow through the selected channel is measured. 

Note 14: A 40% to 60% duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these 
limits the minimum time the clock is high or low must be at least 450 ns. The maximum time the clock can be high or low is 100 ps. 

Note 15: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 

Note 16: For the ADC08131 VperN is internally tied to the on chip 2.5V band-gap reference output; therefore, the supply current is larger because it includes the 
reference current (700 ,A typical, 2 mA maximum). 

Note 17: Load regulation test conditions and specifications for the ADC08131 differ from those of the ADC08134 and ADC08138 because the ADC08131 has the 
on-board reference as a permanent load. 
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ADC08138 Simplified Block Diagram 
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Typical Converter Performance Characteristics 


Linearity Error vs Linearity Error vs Linearity Error vs 
Reference Voltage Temperature Clock Frequency 
50 


0.25 


LINEARITY ERROR (LSB) 
LINEARITY ERROR (LSB) 


LINEARITY ERROR (LSB) 


0.00 
=55 35-15 5 25 45 65 85 105 125 0 250 500 750 1000 1250 1500 1750 
REFERENCE VOLTAGE (V) TEMPERATURE (°C) CLOCK FREQUENCY (kHz) 


ADC08131/ADC08134/ADC08138 


Power Supply Current vs 
Temperature (ADC08138, Output Current vs Power Supply Current 
ADC08134) Temperature vs Clock Frequency 

25 


25 


5 


w 


P= 


OUTPUT CURRENT (mA) 


POWER SUPPLY CURRENT (mA) 


=) 
wh 


POWER SUPPLY CURRENT (mA) 


5 00 
55-35-15 5 25 45 65 8 105 125 55-35-15 5 25 45 65 85 105125 0 250 500 750 1000 1250 1500 1750 


TEMPERATURE (°C) TEMPERATURE (°C) CLOCK Pea (kHz) 


Note: For ADC08131 add IRE (Note 16) TL/H/10749-5 


Typical Reference Performance Characteristics 
Output Drift 
Line Regulation vs Temperature 


Load Regulation (3 Typical Parts) (3 Typical Parts) 
5 


A Veer (mV) 
OUTPUT VOLTAGE 


0 -1 -2 -3 


SOURCING SINKING SUPPLY VOLTAGE JUNCTION TEMPERATURE 
OUTPUT CURRENT (mA) 
(NOTE 17) Available 
Output Current 


vs Supply Voltage 


OUTPUT CURRENT (mA) 


SUPPLY VOLTAGE 
TL/H/10749-6 
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TRI-STATE Test Circuits and Waveforms 


tH 


Vec 


DATA 
OUTPUT 


SARS OUTPUTS 


D0 AND 
SARS OUTPUTS 


TL/H/10749-7 TL/H/10749-8 


Timing Diagrams 


Data Input Timing 


*tseLect 


cs 


TL/H/10749-9 


*To reset these devices, CLK and CS must be simultaneously high for a period of tsELEcT or greater. Otherwise these devices are compatible with industry 
standards ADC0831/4/8. 


Data Output Timing 


DATA 
OUT (D0) 


TL/H/10749-10 


ADC08131 Start Conversion Timing 


START 
CONVERSION 


TL/H/10749-11 
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Timing Diagrams (Continued) 


ADC08131 Timing 


CHIP SELECT 
(Cs) 


DATA OUT 
(D0) —TRI-STATE TRI=STATE 


6 


ADC08131/ADC08134/ADC08138 


0 
(LSB) 


7 
(MSB) 


TL/H/10749-12 


*LSB first output not available on ADC08131. _ 
LSB information is maintained for remainder of clock periods until CS goes high. 


ADC08134 Timing 
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BIT ODD/SIGN 
DATA IN 
(0!) 


ScL/DIF | <————A/D CONVERSION IN PROGRESS 
SAR STATUS 


(SARS) TRI-STATE 


(D0) TRISTATE 


4 3 2 1 1 2 3 4 5 6 7 
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Functional Description 


1.0 MULTIPLEXER ADDRESSING 


The design of these converters utilizes a comparator struc- 
ture with built-in sample-and-hold which provides for a dif- 
ferential analog input to be converted by a successive- 
approximation routine. 


The actual voltage converted is always the difference be- 
tween an assigned “+” input terminal and a ‘“‘“—” input ter- 
minal. The polarity of each input terminal of the Pair indi- 
cates which line the converter expects to be the most posi- 
tive. If the assigned “+” input voltage is less than the “—” 
input voltage the converter responds with an all zeros out- 
put code. 


A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or pseudo-differential (which will 
convert the difference between the voltage at any analog 
input and a common terminal) operation. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced inputs and true differéntial inputs as well as signals 
with some arbitrary reference voltage. 


A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. Differential inputs are restricted to adjacent channel 
pairs. For example, channel 0 and channel 1 may be select- 
ed as a differential pair but channel 0 or 1 cannot act 


Single-Ended MUX Mode 


differentially with any other channel. In addition to selecting 
differential mode the polarity may also be selected. Channel 
0 may be selected as the positive input and channel 1 as 
the negative input or vice versa. This programmability is 
best illustrated by the MUX addressing codes shown in the 
following tables for the various product options. 


The MUX address is shifted into the converter via the DI 
line. Because the ADC08131 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing. 


The common input line (COM) on the ADC08138 can be 
used as a pseudo-differential input. In this mode the voltage 
on this pin is treated as the “—” input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single-sup- 
ply applications where the analog circuity may be biased up 
to a potential other than ground and the output signals are 
all referred to this potential. 


MUX Address 
SGL/ ODD/ SELECT 
1 1 


Sata ES fe a 
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Functional Description (Continued) 


TABLE II. MUX Addressing: ADC08138 (Continued) 


Differential MUX Mode 


MUX Address Analog Differential Channel-Pair # 


Peps fa 
eee 


DIF SIGN 


N“ 


| 


ADC08131/ADC08134/ADC08138 


_a |jo fo fo fs | se |S] 


TABLE III. MUX Addressing: ADC08134 
Single-Ended MUX Mode 


Differential MUX Mode 


MUX Address 


vom |e | Se | 
eal eo Oe aad 
cae ee 
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Functional Description (continued) 


Since the input configuration is under software control, it 
can be modified as required before each conversion. A 
channel can be treated as a single-ended, ground refer- 
enced input for one conversion; then it can be reconfigured 
as part of a differential channel for another conversion. Fig- 
ure 7 illustrates the input flexibility which can be achieved. 


The analog input voltages for each channel can range from 
50mV below ground to 50mV above Voc (typically 5V) with- 
out degrading conversion accuracy. 


2.0 THE DIGITAL INTERFACE 


A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows many functions to be included in a 
small package and it can eliminate the transmission of low 
level analog signals by locating the converter right at the 
analog sensor; transmitting highly noise immune digital data 
back to the host processor. 


8 Single-Ended 


<n) re | 


St+++++ + + ¢ 
= 


~— 


4 Differential 


FIGURE 1. Analog Input Multiplexer Options for the ADC08138 


To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate timing diagram is shown for each device. 


1. A conversion is initiated by pulling the CS (chip select) 
line low. This line must be held low for the entire conver- 
sion. The converter is now waiting for a start bit and its 
MUX assignment word. 


2. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. 
The start bit is the first logic “1” that appears on this line 
(all leading zeros are ignored). Following the start bit the 
converter expects.the next 2 to 4 bits to be the MUX 
assignment word. 


8 Pseudo-Differential 


St bf aia ee se al | 
= 


Mixed Mode 
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ADC08131/ADC08134/ADC08138 
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Functional Description (Continued) 
3. 


When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of 1/2 clock 
period is automatically inserted to allow for sampling the 
analog input. The SARS line goes high at the end of this 
time to signal that a conversion is now in progress and 
the DI line is disabled (it no longer accepts data). 


. The data out (DO) line now comes out of TRI-STATE and 


provides a leading zero. 


During the conversion the output of the SAR comparator 
indicates whether the analog input is greater than (high) 
or less than (low).a series of successive voltages gener- 
ated internally from a ratioed capacitor array (first 5 bits) 
and a resistor ladder (last 3 bits). After each comparison 
the comparator’s output is shipped to the DO line on the 
falling edge of CLK. This data is the result of the conver- 
sion being shifted out (with the MSB first) and can be 
read by the processor immediately. 


_ After 8 clock periods the conversion is completed. The 


SARS line returns low to indicate this 1/4 clock cycle later. 


_ The stored data in the successive approximation register 


is loaded into an internal shift register. If the programmer 
prefers the data can be provided in an LSB first format 
[this makes use of the shift enable (SE) control line]. On 
the ADC08138 the SE line is brought out and if held high 
the value of the LSB remains valid on the DO line. When 
SE is forced low the data is clocked out LSB first. On 
devices which do not include the SE control line, the 
data, LSB first, is automatically shifted out the DO line 
after the MSB first data stream. The DO line then goes 
low and stays low until GCS is returned high. The 
ADC08131 is an exception in that its data is only output in 
MSB first format. 


All internal registers are cleared when the GS line is high 
and the tseLect requirement is met. See Data Input Tim- 
ing under Timing Diagrams. If another conversion is de- 
sired CS must make a high to low transition followed by 
address information. 


+ 


TL/H/10749-17 
a) Ratiometric 


FIGURE 2. Reference Examples 


The DI and DO lines can be tied together and controlled 
through a bidirectional processor \/O bit with one wire. 
This is possible because the DI input is only “‘looked-at” 
during the MUX addressing interval while the DO line is 
still.in a high impedance state. 


3.0 REFERENCE CONSIDERATIONS 


The VrerlN pin on these converters is the top of a resistor 
divider string and capacitor array used for the successive 
approximation conversion. The voltage applied to this refer- 
ence input defines the voltage span of the analog input (the 
difference between Vin(max) 2nd Vin(MIN) Over which. the 
256 possible output codes apply). The reference source 
must be capable of driving the reference input resistance, 
which can be as low as 1.3 kf. 


For absolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference input must be 
biased with a stable voltage source. The ADC08134 and the 
ADC08138 provide the output of a 2.5V band-gap reference 
at VaEFOUT. This voltage does not vary appreciably with 
temperature, supply voltage, or load current (see Reference 
Characteristics in the Electrical Characteristics tables) and 
can be tied directly to VRerlN for an analog input span of OV 
to 2.5V. This output can also be used to bias external cir- 
cuits and can therefore be used as the reference in ratio- 
metric applications. Bypassing VREFOUT with a 100 pF ca- 
pacitor is recommended. 


For the ADC08131, the output of the on-board reference is 
internally tied to the reference input. Consequently, the ana- 
log input span for this device is set at OV to 2.5V. The pin 
VrerC is provided for bypassing purposes and biasing ex- 
ternal circuits as suggested above. 


The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals VREF/ 
256). 


TRANSDUCER 
OV=2.5V 
ADCO8138. Vper IN 
Veer OUT 
: OM AGND —DGND 


TL/H/10749-18 
b) Absolute 


Functional Description (continued) 


4.0 THE ANALOG INPUTS 


The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 


The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 


to both selected “+” and “—” inputs for a conversion 
(60 Hz is most typical). The time interval between sampling 
the “+” input and then the “‘—” input is VY, of a clock peri- 


od. The change in the common-mode voltage during this 
short time interval can cause conversion errors. For a sinus- 
oidal common-mode signal this error is: 


0.5 
Verror(max) = VpEAK(271fcom) (2*) 
CLK 


where fcy is the frequency of the common-mode signal, 
VpEak is its peak voltage value 
and fc_k is the A/D clock frequency. 


For a 60Hz common-mode signal to generate a 14 LSB er- 
ror (~5mV) with the converter running at 250kHz, its peak 
value would have to be 6.63V which would be larger than 
allowed as it exceeds the maximum analog input limits. 


Source resistance limitation is important with regard to the 
DC leakage currents of the input multiplexer. While operat- 
ing near or at maximum speed bypass capacitors should not 
be used if the source resistance is greater than 1kQ. The 
worst-case leakage current of +1A over temperature will 
create a 1mV input error with a 1k source resistance. An 
op amp FC active low pass filter can‘provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 


5.0 OPTIONAL ADJUSTMENTS 


5.1 Zero Error 


The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN); iS not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any Vij (—) input at this VIN(MIN): Value. This 
utilizes the differential mode operation of the A/D. 
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The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the Viy (—) input and applying a small 
magnitude positive voltage to the Vix (+) input. Zero error 
is the difference between the actual DC input voltage which 
is necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal Y, LSB value 
(Y%2 LSB = 9.8mV for Vacr = 5.000Vpc). 


5.2 Full Scale 


A full-scale adjustment can be made by applying a differen- 
tial input voltage which is 11/4 LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the VaeriN input for a digital output code which is 
just changing from 1111 1110 to 11111111 (See figure enti- 
tled “Span Adjust; OV < Viy < 3V”). This is possible only 
with the ADC08134 and ADC08138. (The reference is inter- 
nally connected to VreFiN of the ADC08131). 


5.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 


If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A Vin (+) voltage which 
equals this desired zero reference plus Y LSB (where the 
LSB is calculated for the desired analog span, using 1 LSB 
= analog span/256) is applied to selected “+” input and 
the zero reference voltage at the corresponding “—” input 
should then be adjusted to just obtain the OOHEx to O1pHFx 
code transition. 


The full-scale adjustment should be made [with the proper 
Vin (—) voltage applied] by forcing a voltage to the Viy (+) 
input which is given by: 
V -V 
Vin (+) fs adj = Vax — 1.5 [ Sax — Va) Mee mn 
256 

where: 

Vmax = the high end of the analog input range 
and 

VMIN = the low end (the offset zero) of the analog range. 

(Both are ground referenced.) 


The VreriN (or Voc) voltage is then adjusted to provide a 
code change from FEyex to FFyeEx. This completes the ad- 
justment procedure. 


8€18000V/rEl800dV/LELsooay 


ADC08131/ADC08134/ADC08138 


Applications 


A “Stand-Alone” Hook-Up for ADC08138 Evaluation 


Mux ADDRESS 


O 5Voc 
+ sTAAT IT 


scu/OlF 


PARALLEL INPUTS 


‘ INPUT SHIFT REGISTER 
74€16! 


aD 
SHIFT/LOAD ..,, 


ANALOG INPUTS 


ADCeS138 


VREF IN AGND 


0.001 wF 


Dy 0c 


GENERATOR 


OUTPUT SHIFT REGISTER 
74C164 


- 1/2 TACT4 
*Pinouts shown for ADC08138. 
For all other products tie to pin functions as shown. 


OATA DISPLAY 


Low-Cost Remote Temperature Sensor 


Nec | 
(5 Voc) 


ADCeS131 


TL/H/10749-21 
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Applications (Continued) 


Protecting the Input 


ADC08138 


Diodes are 1N914 


VREF OUT 


ADC08134 


*Vin(—) = 0.15 Vrer 
15% of VReF < VxpR < 85% of Vrer 


Span Adjust; OV < Viy < 3V 


ADC08134 


Vin + 
(+) Veer IN 


Vin(-) Vref OUT 
E DGND AGND 


Vec 
(5 Vpe) 


TL/H/10749-22 


TL/H/10749-23 


TL/H/10749-24 


8EL8000V/rEl8000V/LELS00dV 


Applications (Continued) 


Zero-Shift and Span Adjust: 2V < Vin < 5V 


ADC08131/ADC08134/ADC08138 


Sets Zero 


1ko 3300, 
Zero ADJ 


TL/H/10749-25 


ZA National 


Semiconductor 


ADC08161, ADC08164 and ADC08168 
900 ns A/D Converter with S/H Function, 2.5V Bandgap 
Reference, and Input Multiplexer 


General Description Key Specifications 

Using a patented multi-step A/D conversion technique, the ™ Resolution 8 Bits 
8-bit ADC08161, ADC08164, and ADCO8168 CMOS A/D Conversion time (tconv) 560 ns max (WR-RD Mode) 
converters offer 500 ns conversion time, internal sample-  g Full power bandwidth 300 kHz (typ) 
and-hold (S/H), a 2.5V bandgap reference, and dissipate Throughput rate 1.5 MHz min 


only 100 mW of power. The ADC08164, and ADC08168 in- 
clude, respectively, a 4- and 8-channel multiplexer. The 
ADC08161, ADC08164, and ADC08168 perform an 8-bit 
conversion with a 2-bit voltage estimator that generates the 


2 MSBs and two low-resolution (3-bit) flashes that generate Features 
the 6 LBSs. @ 1, 4, or 8 input channels 


Input signals are tracked and held by the input sampling  @ No external clock required 

circuitry, eliminating the need for an external sample-and- ™@ Analog input voltage range from GND to V+ 
hold. The ADC08161, ADC08164, and ADC08168 can per- ™@ 2.5V bandgap reference 

form accurate conversions of full-scale input signals at fre- - . 

quencies from DC to typically more than 300 kHz (full power Applications 

bandwidth) without the need of an external sample-and-hold — ™ Mobile telecommunications 

(S/H). @ Hard-disk drives 

For ease of interface to microprocessors, these parts have —_ Instrumentation 


been designed to appear as a memory location or I/O port .- @ High-speed data acquisition systems 
without the need for external interfacing logic: 


@ Power dissipation 100 mW max 
@ Total unadjusted error +¥% LSB and +1 LSB max 


Block Diagram 


OFL* 
DB7 (MSB) 
DB6 
DBS 
DB4 


3=Bit Voltage . Lead 
Estimator a | | 
[AE >—=(2) | vocoder [7 
0 3=Bit Flash ae 
0 A/D Converter 3 
2.5V Bandgap 
Reference TIMING AND CONTROL CIRCUITRY 


VREFOUT MODE* CS RD WR*/RDY AO#* 


Output 
Latch 


and 
T Tri-State DBS 
DB2 


Buffers 


DB! 
DBO (LSB) 


A1#* A2#e* 


TL/H/11149-1 


*ADC08161 
**ADC08164 and ADC08168 
***ADC08168 
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ADC08161/ADC08164/ADC08168 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, Storage Temperature —65°C to + 150°C 
please contact the National Semiconductor Sales ESD Susceptibility (Note 6) 750V 
Office/Distributors for availability and specifications. 
Supply Voltage (V+) 6V Operating Ratings (Notes 1 & 2) 
Logic Control Inputs —0.3V toV+ + 0.3V Temperature Range Tmin < Ta S TMAX 
Voltage at Other Inputs and Outputs —0.3V toV+ + 0.3V ADC08161/4/8BIN, —40°C < Ta < 85°C 
Input Current at Any Pin (Note 3) 5mA ADC08161/4/8CIN, 
ADC08161/4/8BIWM, 

Package Input Current (Note 3) 20 mA ADC08161/4/8CIWM 
Power Dissipation (Note 4) ADC08161/4/8Blu, 

N Package 875 mW ADC08161/4/8ClJ, 

J Package 875 mW ADC08161/4/8CMJ —55°C < Ta < 125°C 

WM Package 875 mW Supply Voltage, (V+) 4.5V to 5.5V 
Lead Temperature (Note 5) 

N Package (Soldering, 10 sec.) + 260°C 

J Package (Soldering, 10 sec.) +300°C 

WM Package (Vapor Phase, 60 sec.) +215°C 

WM Package (Infrared, 15 sec.) + 220°C 


Converter Characteristics 
The following specifications apply for RD Mode, V+ = 5V, Vrer+ = 5V, and VReF— = GND unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


Typical Limits Units 
ee ee eee (ote7) | __(Notes) | (Limit 
INL Integral Non Linearity Vrer = 5V 

ADC08161/4/8BiN, +% LSB (max) 


BIJ, BIWM 

eee ee 
TUE Total Unadjusted Error (Note 9) pice = en Sseiwel Pf ew | LSB (max) 
eT a ae a 
ate 1 ‘4/00 CW, i. 7 La LSB (max) 
NL | tnlogralNontinearty | Vrer=26v.alsufixes [| #1 LSB (max) 
TUE Total Unadjusted Error bee aanig |i + | +4 LSB (max) 

as ae 

fee 


ADC08168, All Suffixes 
’ + 5 
(Note 13) +41.5 LSB (max) 
Missing Codes Vrer = 5V Bits (max) 
Vrer = 2.5V Bits (max) 
Reference Input Resistance 700 9 (min) 
700 9 (max) 
VREF+ Positive Reference Input Voltage Vrer— V (min) 
vr V (max) 
VREF— Negative Reference GND V (min) 
Input Voltage VrREF+ V (max) 
VIN Analog (Note 10) GND — 0.1 V (min) 
Input Voltage v++0.1 V (max) 
On-Channel Input Current On Channel Input = 5V, 
Off Channel Input = OV —0.4 pA (max) 
(Note 11) 
On Channel Input = OV, 
Off Channel Input = 5V —0.4 pA (max) 
(Note 11) 
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Converter Characteristics (continuea) 
The following specifications apply for RD Mode, V+ = 5V, VreF+ = 5V, and Vaer— = GND unless otherwise specified. 
Boldface limits apply for Ta = Ty = Train to Tpgay; all other limits Ta = Ty = 25°C. 


s ses Typical Limits Units 
Symbol Parameter Conditions 
: _pemater | conten | (Note7) | (Note 8) (Limit) 


8918000V/7918000V/1L91.8000V 


PSS Power Supply Sensitivity Vt = 5V t5%, 
VREF = 4.75V +t", +¥, LSB (max) 
All Codes Tested 
ADC08161/4/8CMJ ty, LSB (max) 
Effective Bits Vin = 4.85 Vp-p : 
ee. ae fin = 20 Hz to 20 kHz ie aa 
FullPowerBandwidth | Vin=485Vp» | 300, || ik 
THD Total Harmonic Distortion VIN = 4.85 Vp-p 9% 
fin = 20 Hz to 20 kHz : 
S/N Signal-to-Noise Ratio VIN = 4.85 Vp-p dB 
fin = 20 Hz to 20 kHz 
IMD Intermodulation Distortion VIN = 4.85 Vp-p dB 
fin = 20 Hz to 20 kHz 
Cvin AnaloginputCapactancs | TT 


AC Electrical Characteristics 
The following specifications apply for V+ = 5V, tr = tj = 10 ns, VReF+ = 5V, VaerF— = OV unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tyax; all other limits T, = Ty = 25°C. 


ADC08161BIN, ADC08161CIN, 

ADC08161BIWM, ADC08161CIWM, 

ADC08161BlJ, ADC08161ClJ, 
ADC08161CMJ 


Typical Limit 
(Note 7) (Note 8) 
twr Write Time Mode Pin to V+ ; 
(Figures 2a, 2b, and 3) Ta0 ns (min) 
trp Read Time (Time from Rising Edge | Mode Pin to Vt, ns (min) 
of WR to Falling Edge of RD) CMu Suffix (Figure 2a) . 
tRow RD Width Mode Pin to GND (Figure 4) 200 250 ns (min) 
wan a 400 400 ns (max) 
tconv | WR-RD Mode Conversion Time Mode Pin to V+, 560 ee 
(twa + tap + taccy) CMJ Suffix (Figure 2a) 790 
tcrp RD Mode Conversion Time Mode Pin to GND, 900 
CMU Suffix (Figure 1) oe 240 reine) 
tacco Access Time (Delay from Falling C, < 100 pF, Mode Pin to GND 640 900 ns (max) 
Edge of RD to Output Valid) CMJ Suffix (Figure 1) 240 as 


tacci Access Time (Delay from C_ < 10 pF 
Falling Edge of RD CL = 100 pF 

to Output Valid) Mode Pin to V+, tap < tintL 
CMu Suffix (Figure 2a) 


C_ < 10 pF 
C_ = 100 pF 

tRD > tinTL, 

CMu Suffix, (Figures 2b and 4) 
R_ = 3k, C, = 10 pF 
(Figures 1, 2a, 2b, 3, and 4) 


Units 


Conditions (Limit) 


Symbol Parameter 


Access Time (Delay from 
Falling Edge of RD 
to Output Valid) 


TRI-STATE® Control 
(Delay from Rising Edge 
of RD to HI-Z State) 


t1H: too 
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ADC08161/ADC08164/ADC08168 


AC Electrical Characteristics (continued) 
The following specifications apply for Vt = 5V, t = tt = 10 ns, Vaer+ = 5V, VRer— = OV unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


ADC08161BIN, ADC08161CIN, 
ADC08161BIWM, ADC08161CIWM, 
ADC08161BlJ, ADC08161ClJ, 
Parameter ADC08161CMJ 
Typical Limit 
(Note 7) (Note 8) 


Delay from Rising Edge of C. = 50 pF, 95 
RD to Rising Edge of INT CMJ Suffix (Figures 1, 2a, 2b, and 4) 100 
Delay from Rising Edge of C. = 50 pF, 45 

WR to Rising Edge of INT CMuJ Suffix (Figure 3) 


Delay from CS to RDY Mode Pin = OV, C, = 50 pF, 
Rt = 3koQ, 
CMJ Suffix (Figure 1) 


Delay from INT R. = 3k, C_ = 100 pF 
to Output Valid (Figure 3) 
Delay from RD to INT Mode Pin = V+, trp < tinTL 
CMU Suffix (Figure 2a) 
Time between End of RD (Figures 1, 2a, 2b, 3and 4) 
and Start of New Conversion 
CS Setup Time (Figures 1, 2a, 2b, 3 and 4) 
CS Hold Time (Figures 1, 2a, 2b, 3and 4) 


DC Electrical Characteristics : 
The following specifications apply for V+ = 5V unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to 
Tmax all other limits Ta = Ty = 25°C. 


Units 
(Limit) 


oi 


ns (min) 


ADC08161BIN, ADC08161CiN, 

ADC08161BIWM, ADC08161CIWM, 

ADC08161BIJ, ADC08161ClJ, 
ADC08161CMJ 


Typical Limit 
(Note 7) (Note 8) 
0.005 
0.1 
50 


Units 
(Limit) 


Parameter 


V+ =5.5V 
GS, WR, RD, Ao, A1, A2 Pins 
Mode Pin 


Vt = 4.5V 
CS, WR, RD, AO, A1, A2 Pins 
Mode Pin 


Vy = 5V 

CS, RD, AO, A1, A2 Pins 
WR Pin 
Mode Pin 
VL = OV 
CS, RD, WR, Ao, A1, A2 
Mode Pins 
V+ = 4,75V 

louT = —360 pA 
DBO-DB7, OFL, INT 


lout = —10 pA 
DBO-DB7, OFL, INT 


Logic ‘‘1” Input Voltage 


Logic ‘‘0” Input Voltage 


Logic ‘1” Input Current 


Logic ‘‘0” Input Current 


Logic “1” Output Voltage 


| 
| 
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DC Electrical Characteristics (continueq) 
The following specifications apply for V+. = 5V unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to 


Tmax; all other limits Ta = Ty = 25°C. 
ADC08161BIN, ADC08161CIN, 
ADC08161BIWM, ADC08161CIWM, 
in ait ADC08161BIJ, ADC08161ClJ, 
SRS Ene ADC08161CMJ 
Typical Limit 
(Note 7) (Note 8) 


V+ = 4.75V 

louT = 1.6 mA 

DBO-DB7, OFL, INT, RDY 

Vout = 5.0V 04 
—0.1 


Units 


P t 
arameter (Limit) 


Logic “0” Output Voltage 


TRI-STATE Output Current 


DBO-DB7, RDY 
Vout = 0V 
DBO-DB7, RDY 


mA (min) 


mA (min) 


AC Electrical Characteristics 
The following specifications apply for V+ = 5V, tr = tf = 10 ns, VReF+ = 5V, Vaer— = OV unless otherwise specified. 
Boldface limits apply for Ta, = Ty = Twin to Tax; all other limits T, = Ty = 25°C. 


ADC08164/8BIN, ADC08164/8CIN, 
ADC08164/8BIWM, ADC08164/8CIWM, 
ADC08164/8BIJ, ADC08164/8Cl, 
Parameter ADC08164/8CMJ 
Typical Limit 
(Note 7) (Note 8) 


RD Width (Figure 4) 200 250 
400 400 
RD Mode Conversion Time (Figure 1) 900 
CMJ Suffix 940 
Access Time (Delay from Falling Edge C_ < 100 pF, 640 
of RD to Output Valid) CMJ Suffix (Figure: 1) 


Access Time (Delay from Falling Edge | C, = 10 pF 


of RD to Output Valid) C_ = 100 pF 


tapw > tiINTL 
CMJ Suffix, (Figure 4) 


TRI-STATE Control (Delay from RL = 3kQ, C, = 10 pF 30 

Rising Edge of RD to HI-Z State) (Figures 1 and 4) 

Delay from Rising Edge of RD C. = 50 pF, 95 
to Rising Edge of INT CMJ Suffix (Figures 7 and 4) 

Delay from CS to RDY Mode Pin = OV, C_ = 50 pF 


RL = 3kqQ, 
CMJ Suffix, (Figure 7) 


Time between End of RD and (Figures 7 and 4) 
Start of New Conversion . 

Channel Address Hold Time (Figures 7 and 4) ae ee ee ee 
Channel Address Setup Time (Figures 71 and 4) a ee eee 


Units 
(Limit) 


tty: too 
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AC Electrical Characteristics (Continued) | 
The following specifications apply for V+ = BV, t= tp = 10 ns, VRer+ = 5V, VreF— = OV unless otherwise specified. 
Boldface limits apply for Ta = Ty = Tmin to Tmax; all other limits Ta = Ty = 25°C. 


ADC08164/8BIN, ADC08164/8CIN, 
ADC08164/8BIWM, ADC08164/sCIWM, 
ADC08164/8BIJ, ADC08164/8ClJ, 

ADC08164/8CMJ 


(Note 7) (Note 8) 

FcHoidtine | Fiwestarday | oT 

 tegis Output Gapactance | 
a 


Logic Input Capacitance 


Units 
(Limit) 


Parameter Conditions 


ADC08161/ADC08164/ADC08 168 


DC Electrical Characteristics 
The following specifications apply for V+ = 5V unless otherwise specified. Boldface limits apply for Ta = Ty = Tun to 
Tmax; all other limits Ta = Ty = 25°C. 


ADC08164/8BIN, ADC08164/8CIN, 
ADC08164/8BIWM, ADC08164/8CIWM, 
ADC08164/8BlJ, ADC08164/8ClJ, 
ADC08164/8CMJ 


Typical Limit 
(Note 7) (Note 8) 
Logic “1” Input Voltage . z 
| CS, RD, AO, A1, A2 Pins ua 


Logic ‘0” Input Voltage 


Units 
(Limit) 


Symbol Parameter Conditions 


Logic “1” Input Current 
Logic ‘‘0” Input Current 


Logic ‘‘1”” Output Voltage 


DBO-DB7, INT 


lout = —10 pA 
DBO-DB7, INT 


V+ = 4.75V 
lout = 1.6mA 
DBO-DB7, INT, RDY 


Maximum TRI-STATE OUTPUT Current | Vout = 5.0V 
DBO-DB7, RDY 
Vout = OV 

DBO-DB7, RDY 


Isource | Minimum Output Source Current Vout = OV : 
DBO-DB7, INT mV (role) 

IsINK Minimum Output Sink Current Vout = 5V : 
DBO-DB7, INT, RDY at ands 


ic___| Supply Current CS = RD=0 Ps [20 | mama 
Cour _ | Logic Output Capacitance fo ee ee 
Cy __| Logic input Capacitance i ee 


Logic “0” Output Voltage 
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Bandgap Reference Electrical Characteristics 


The following specifications apply for V+ = 5V unless otherwise specified. Boldface limits apply for Tyin to Tray; all 
other limits Ta = Ty = 25°C. 


Units 
(Limit) 


Limits 
(Note 8) 


Typical 
(Note 7) 


Parameter 


“B” Grade 
“C” Grade 


VREFOUT Internal Reference Output Voltage 


AVrer/AT | Internal Reference Temperature 


Coefficient 


Internal Reference Load 
Regulation 


LineReguation [ arevevesszev [os | 60 
Shortcircutcurent | Vaev=ov | 
_Longtermstabiity | | | 

Start-Up Time Vt:OV-—>5v,C,.=220uF | 40 | | 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. Operating Ratings indicate conditions for which the device is functional, but do not guarantee performance limits. 
For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some 
performance characteristics may degrade when the device is not operated under the listed test conditions. 


Sourcing (0 < I, < +10 mA) 


8918000V/918000V/191800dV 


Note 2: All voltages are measured with respect to the GND pin, unless otherwise specified. 

Note 3: When the input voltage (Vij) at any pin exceeds the power supply voltage (Vij < GND or Vin > V+), the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current specification limits the number of pins that can exceed the power supply boundaries with a 5 mA current 
limit to four. 


Note 4: The power dissipation of this device under normal operation should never exceed 875 mW (Quiescent Power Dissipation + TTL Loads on the digital 
outputs). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fault condition (e.g., when any input or 
output exceeds the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by Tyyax (maximum junction 
temperature), 0) (package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature 
is PDmax = (Tymax — Ta)/9ya or the number given in the Absolute Maximum Ratings, whichever is lower. The table below details Tyyax and 44, for the various 
packages and versions of the ADC08161/4/8 family. 


Part Number 


ADC08161B/ClJ 
ADC08161CMJ 
ADC08161B/CIN 
ADC08161B/CIWM 


ADC08164B/ClJ 
ADC08164CMJ 
ADC08164B/CIN 
ADC08164B/CIWM 


ADC08168B/ClJ 
ADC08168CMJ 
ADC08168B/CIN 
ADC08168B/CIWM 


Note 5: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount devices. 
Note 6: Human body model, 100 pF discharged through a 1.5 kQ resistor. 

Note 7: Typicals are at 25°C and represent most likely parametric norm. 

Note 8: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 

Note 9: Total unadjusted error includes offset, full-scale, and linearity errors. 

Note 10: Two on-chip diodes are tied to each analog input and are reversed biased during normal operation. One is connected to V+ and the other is connected to 
GND. They will become forward biased and conduct when an analog input voltage is equal to or greater than one diode drop above V+ or below GND. Therefore, 
caution should be exercised when testing with V+ = 4.5V. Analog inputs with magnitudes equal to 5V can cause an input diode to conduct, especially at elevated 
temperatures. This can create conversion errors for analog signals near full-scale. The specification allows 50 mV forward bias on either diode; e.g., the output 
code will be correct as long as the analog input signal does not exceed the supply voltage by more than 50 mV. Exceeding this range on an unselected channel will 
corrupt the reading of a selected channel. An absolute analog input signal voltage range of OV < Vix < 5V can be achieved by ensuring that the minimum supply 
voltage applied to V+ is 4.950V over temperature variations, initial tolerance, and loading. 


Note 11: Off-channel leakage current is measured on the on-channel selection. 


Note 12: For the “B” grade parts, the offset error for Vin7 and Ving is up to '/, LSB larger than for the other channels. Therefore, the Total Unadjusted Error (TUE) 
for the ADC08168 is 1% LSB larger than for the ADCO08161 and ADC08164. Linearity error is unaffected. 


Note 13: For the “B” grade parts, the offset error for Vin7 and Ving is up to 1% LSB larger than for the other channels. Therefore, the Total Unadjusted Error (TUE) 
for the ADC08168 is 1% LSB larger than for the ADC08161 and ADC08164. Linearity error is unaffected. 
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TRI-STATE Test Circuit and Waveforms 


tH tin, CL = 10 pF 


DATA 


ADC08161/4/8 OUTPUT 


DATA OUTPUTS 
GND 
TL/H/11149-2 TL/H/11149-4 
t= 10ns- 


ADC08161/ADC08164/ADC08168 


ton, CL = 10 pF 


DATA 
OUTPUT 


DATA OUTPUTS 


TL/H/11149-3 TL/H/11149-5 


X 


eteoneoeoeace 


ewteoaoeoeaece 


WITH EXTERNAL 
PULL-UP 


DBO-DB7 
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TRI-STATE Test Circuit and Waveforms (continued) 
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FIGURE 4. RD Mode (Pipeline Operation); tapw must be between 200 ns and 400 ns. 
(Mode Pin is Low for ADC08161 Only) 


Typical Performance Characteristics 


TIME (ns) 


SUPPLY CURRENT (mA) 


tcrp vs Temperature 


AMBIENT TEMPERATURE (°C) 


Supply Current vs Temperature 


TEMPERATURE (°C) 


LINEARITY ERROR (LSB) 


OUTPUT CURRENT (mA) 


Linearity Error vs Offset Error vs 
Reference Voltage Reference Voltage 


OFFSET ERROR (LSB) 
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REFERENCE VOLTAGE (V) REFERENCE VOLTAGE (V) 
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Reference Output Voltage vs Logic Threshold vs 
Temperature Temperature 


vt=sv 
Vrerour Pin 


VOLTS (V) 


TEMPERATURE (°C) TEMPERATURE (°C) 


Output Current vs Temperature 
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Connection Diagrams 


Dual-In-Line and Wide-Body 
Small-Outline Packages 


o aon oa kr WwW dS 


ADC08161 


o on oO a FF wD = 


mi 
o 


TL/H/11149-14 


See NS Package Number N20A, 


J20A or M20A 


Ordering Information 


Industrial (— 40°C < T, < 85°C) 


ADC08161BIN, ADC08161CIN 
ADC08164BIN, ADC08164CIN 
ADC08168BIN, ADC08168CIN 
ADC08161BIWM, ADC08161CIWM 
ADC08164BIWM, ADC08164CIWM 
ADC08168BIWM, ADC08168CIWM 


ADC08161BlJ, ADC08161ClJ 
ADC08164BlJ, ADC08164ClJ 
ADC08168BlJ, ADC08168ClJ 


ity se< Te ore) 


ADC08161CMJ 
ADC08164CMJ 
ADC08168CMJ 


Pin Description 


Vin. Vini-g These are analog inputs. The input range is 


DBO-DB7 


GND-100 mV < Vinput < Vt + 100 mV. 
The ADC08161 has a single input (Vij), the 
ADC08164 has a four-channel multiplexer 
(Vini-4), and the ADCO8168 has an eight- 
channel multiplexer (Vin1-8)- 

TRI-STATE data outputs—bit 0 (LSB) through 
bit 7 (MSB). 


Dual-In-Line and Wide-Body 
Small-Outline Packages 


ADC08164 


Dual-In-Line and Wide-Body 
Small-Outline Packages 


ADCO08168 


oon oar wd 


TL/H/11149-15 
See NS Package Number N24A, 
J24A or M24B 


MODE 
(ADC08161 
only) 


TL/H/11149-16 
See NS Package Number N28B, 
J28B or M28B 


WR-RD Mode (Logic high applied to MODE 
pin; ADC08161 only) 

WR: With CS low, the conversion is started on 
the rising edge of WR. The digital result will be 
strobed into the output latch at the end of con- 
version (see Figures 2a, 2b, and 3). 

RD Mode (Logic low applied to MODE pin; 
ADC08161 only) 

RDY: This is an open drain output (no internal 
pull-up device). RDY will go low after the falling 
edge of CS and returns high at the end of con- 
version. 


Mode: Mode (RD or WR-RD) selection input- 
This pin is pulled to a logic low through an inter- 
nal 50 pA current sink when left unconnected. 
RD Mode is selected if the MODE pin is left 
unconnected or externally forced low. A com- 
plete conversion is accomplished by pulling RD 
low until output data appears. 

WR-RD Mode is selected when a high is ap- 
plied to the MODE pin. A conversion starts with 
the WR signal’s rising edge and then using RD 
to access the data. 

WR-RD Mode (logic high on the MODE pin; 
ADC08161 only) 

This is the active low Read input. With a logic 
low applied to the CS pin, the TRI-STATE data 
outputs (DBO-DB7) will be activated when RD 
goes low (see Figures 2a, 2b and 3). 

RD Mode (logic low on the MODE pin; 
ADC08161 only) 


Pin Description (Continued) 


With CS ) low, a conversion starts on the falling 
edge of RD. Output data appears on DBO-DB7 
at the end of conversion (see Figures 7 and 4). 


This is an active low output that indicates that a 
conversion is complete and the data is in the 
output latch. INT is reset by the rising edge of 
RD. 


This is the power supply ground pin. The 
ground pin should be connected to a “clean” 
ground reference point. 


These are the reference voltage inputs. They 
may be placed at any voltage between GND — 
50 mV and V+ + 50 mV, but Vaer+ must be 
greater than Vrer—. Ideally, an input voltage 
equal to VReEF— produces an output code of 0, 
and an input voltage greater than Vaer+ — 
1.5 LSB produces an output code of 255. 


For the ADC08161, ADC08164, and 
ADC08168 an-input voltage on any unselected 
input that exceeds V+ by more than 100 mV or 
is below GND by more than 100 mV will create 
errors in a selected channel that is operating 
within proper operating conditions. 

This is the active low Chip Select input. A logic 
low signal applied to this input pin enables the 
RD and WR inputs. Internally, the CS signal is 
ORed with RD and WR signals. © 


OFL 
(ADC08161 
only) 


AO, Ai, A2 


VREFOUT 


Overflow Output. If the analog input is higher 
than VReF+, OFL will be low at the end of con- 
version. It can be used when cascading two 
ADC08161s to achieve higher resolution (9 
bits). This output is always active and does not 
go into TRI-STATE as DBO-DB7 do. When 
OFL is set, all data outputs remain high when 
the ADC08061’s output data is read. 


On the ADC08164 and ADC08168, these logic 
inputs are used to select one of the input multi- 
plexer’s channels. The ADC08164 has two 
multiplexer control input (AO and A1), and the 
ADC08168 has three multiplexer control input 
(AO, Ai, and A2). A channel is selected as 
shown in the table below. 


ADC08164 ADC08168 
Ai AO A2 Ai AO 


+--4--340000 


Positive power supply voltage input. Nominal 
operating supply voltage is +5V. The supply 
pin should be bypassed with a 10 uF bead tan- 
talum in parallel with a 0.1 ceramic capacitor. 
Lead length should be as short as possible. 

The internal bandgap reference’s 2.5V output 
is available on this pin. Use a 220 uF bypass 
capacitor between this pin and analog ground. 
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Application Information 
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FIGURE 5. Block Diagram of the ADC0816X Multi-Step Flash Architecture 


1.0 FUNCTIONAL DESCRIPTION 


The ADC08161, ADC08164, and ADC08168 perform an 
8-bit analog-to-digital conversion using a multi-step flash 
technique. The first flash generates the five most significant 
bits (MSBs) and the second flash generates the three least 
significant bits (LSBs). Figure 5 shows the major functional 
blocks of the ADC08161, ADC08164, and ADC08168 multi- 
step flash converter. It consists of an over-encoded 2'/,-bit 
Voltage Estimator, an internal DAC with two different volt- 
age spans, a 3-bit half-flash converter and a comparator 
multiplexer. 


The resistor string near the center of the block diagram in 
Figure 5 forms the internal main DAC. Each of the eight 
resistors at the bottom of the string is equal to 1/256 of the 
total string resistance. These resistors form the LSB Lad- 
der and have a voltage drop of 1/256 of the total reference 
voltage (Vaer+ — VReEF—) across them. The remaining re- 
sistors make up the MSB Ladder. They are made up of 
eight groups of four resistors connected in series. Each 
MSB Ladder section has 1% of the total reference voltage 
across it. Within a given MSB Ladder section, each of the 
MSB resistors has 8/256, or 1/32 of the total reference volt- 


age across it. Tap points are found between all of the resis- 
tors in both the MSB and LSB Ladders. Through the Com- 
parator Multiplexer these tap points can be connected, in 
groups of eight, to the eight comparators shown at the right 
of Figure 5. This function provides the necessary reference 
voltages to the comparators during each flash conversion. 


The six comparators, seven-resistor string (estimator DAC), 
and Estimator Decoder at the left of Figure 5 form the Volt- 
age Estimator. The estimator DAC connected between 
VreF+ and Vrer— generates the reference voltages for 
the six Voltage Estimator comparators. These comparators 
perform a very low resolution A/D conversion to obtain an 
“estimate” of the input voltage. This estimate is then used 
to control the Comparator Multiplexer, connecting the ap- 
propriate MSB Ladder section to the eight flash compara- 
tors. Only 14 comparators, six in the Voltage Estimator and 
eight in the flash converter, are needed to achieve the full 
eight-bit resolution, instead of 32 comparators that would be 
needed by traditional half-flash methods. 

A conversion begins with the Voltage Estimator comparing 
the analog input signal against the six tap voltages on the 
estimator DAC. The estimator decoder then selects one of 
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the groups of tap points along the MSB Ladder. These eight 
tap points are then connected to the eight flash compara- 
tors. For example, if the analog input signal applied to Vin is 
between 0 and %¢ of VreF (VREF = Vaer+ — VreF—), the 
estimator decoder instructs the comparator multiplexer to 
select the eight tap points between 8/256 and 2/8 of VrrF 
and connects them to the eight flash comparators. The first 
flash conversion is now performed, producing the five MSBs 
of data. 

The remaining three LSBs are generated next using the 
same eight comparators that were used for the first flash 
conversion. As determined by the results of the MSB flash, 
a voltage from the MSB Ladder equivalent to the magnitude 
of the five MSBs is subtracted from the analog input voltage 
as the upper switch is moved from position one to position 
two. The resulting remainder voltage is applied to the eight 
flash comparators and, with the lower switch in position two, 
compared with the eight tap points from the LSB Ladder. 
By using the same eight comparators for both flash conver- 
sions, the number of comparators needed by the multi-step 
converter is significantly reduced when compared to stan- 
dard half-flash techniques. 

Voltage Estimator errors as large as 14, of Ver (16 LSBs) 
will be corrected since the flash comparators are connected 
to ladder voltages that extend beyond the range specified 
by the Voltage Estimator. For example, if 74. VReF < Vin < 
%6 Vrer the Voltage Estimator’s comparators tied to the 
tap points below %. Vrer will output “1's (000111). This is 
decoded by the estimator decoder to “10”. The eight flash 
comparators will be placed at the MSB Ladder tap points 
between ¥ Vref and 5% Vref. The overlap of 4g Vref on 
each side of the Voltage Estimator’s span will automatically 
correct an error of up to 16 LSBs (16 LSBs = 312.5 mV for 
VreF = 5V). If the first flash conversion determines that the 
input voltage is between 34 Vref and 44 Varr — LSB/2, 
the Voltage Estimator’s output code will be corrected by 
subtracting “1”. This results in a corrected value of “01”. If 
the first flash conversion determines that the input voltage is 
between ®&, VaeF — LSB/2 and %&% Vp_r, the Voltage Esti- 
mator’s output code remains unchanged. 

After correction, the 2-bit data from both the Voltage Esti- 
mator and the first flash conversion are decoded to produce 
the five MSBs. Decoding is similar to that of a 5-bit flash 
converter since there are 32 tap points on the MSB Ladder. 
However, 31 comparators are not needed since the Voltage 
Estimator places the eight comparators along the MSB Lad- 
der where reference tap voltages are present that fall above 
and below the magnitude of Vj. Comparators are not need- 
ed outside this selected range. If a comparator’s output is a 
“0”, all comparators above it will also have outputs of “0” 
and if a comparator’s output is a ‘‘1”, all comparators below 
it will also have outputs of ‘‘1”. 


2.0 DIGITAL INTERFACE 


The ADC08161 has two basic interface modes which are 
selected by connecting the MODE pin to a logic high or low. 
The ADC08164 and ADC08168 have no MODE pin. There- 
fore, the RD mode is their only operating mode. 


2.1 RD Mode 


With a logic low applied to the MODE pin, the converter is 
set to Read mode. In this configuration (see Figure 7), a 
complete conversion is done by pulling RD low, and holding 
low, until the conversion is complete and output data ap- 
pears. This typically takes 655 ns. The INT (interrupt) line 
goes low at the end of conversion. A typical delay of 50 ns is 


needed. between the rising edge of CS (after the end of.a 
conversion) and the start of the next conversion (by pulling 
RD low). The RDY output goes low after the falling edge of 
CS and goes high at the end-of-conversion. It can be used 
to signal a processor that the converter is busy or serve as a 
system Transfer Acknowledge signal. 


2.2 RD Mode Pipelined Operation 


Applications that require shorter RD pulse widths than those 
used in the Read mode as described above can be 
achieved by setting RD’s width between 200 ns—400 ns 
(Figure 4). RD pulse widths outside this range will create 
conversion linearity errors. These errors are caused by exer- 
cising internal interface logic circuitry using CS and/or RD 
during a conversion. 


When RD goes low, a conversion is initiated and the data 
from the previous conversion is available on the DBO—DB7 
outputs. Reading DBO-—DB7 for the first time after power-up 
produces random data. The data will be valid during the 
second RD pulse that occurs after the first conversion. 


2.3 WR-RD (WR then RD) Mode 


The ADC08161 is in the WR-RD mode with the MODE pin 
tied high. A conversion starts on the falling edge of the WR 
signal. There are two options for reading the output data 
which relate to interface timing. If an  interrupt-driven 
scheme is desired, the user can wait for the INT output to go 
low before e reading the conversion result (see Figure 2b). 
Typically, INT will go low 690 ns, maximum, after WR’s ris- 
ing edge. However, if a shorter conversion time is desired, 
the processor need not wait for INT and can exercise a read 
after only 350 ns ns (see Figure 2a). If RD is pulled low before 
INT goes low, INT will immediately go low and data will ap- 
pear at the outputs. This is the fastest operating mode (tap 
< tintL) with a conversion time, including data access time, 
of 560 ns. Allowing 100 ns for reading the conversion data 
and the delay between conversions gives a total throughput 
time of 660 ns (throughput rate of 1.5 MHz). 


2.4 WR-RD Mode with Reduced Interface System 
Connection 

CS and RD can be tied low, using only WR to control the 
start of conversion for applications that require reduced digi- 
tal interface while operating in the WR-RD mode (Figure 3). 
Data will be valid approximately 705 ns following WR’s ris- 
ing edge. 

2.5 Multiplexer Addressing 

The ADC08164, and ADC08168 have, respectively, 4 and 8 
channel multiplexed inputs. These are selected using AO- 
A1 (ADC08164), and AO-A2 (ADC08168) multiplexer chan- 
nel selection inputs. Table | shows the input code needed to 
select a given channel. 


TABLE I. Multiplexer Addressing 


ADC08164 | ADC08168 
Ai AO A2 A1 AO 


0 0 
| 
1 0 
1 1 
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The multiplexer address data must be valid before, or at the 
same time of, RD’s falling edge, remain valid during the con- 
version, and change only after RD goes high when operat- 
ing in the RD mode. 


The multiplexer address data should be valid at, or before, 
the time of WR’s falling edge, remain valid while WR is low, 
and change only after WR goes high when operating in the 
WR-RD mode. 


3.0 REFERENCE INPUTS 


The ADC08161’s, ADC08164’s, and ADC08168’s two Vrer 
inputs are fully differential and define the zero to full-scale 
input range of the A to D converter. This allows the designer 
to vary the span of the analog input since this range will be 
equivalent to the voltage difference between VReF+ and 
VraeF—- Transducers that have outputs that minimum output 
voltages above GND can also be compensated by connect- 
ing VaeF— to a voltage that is equal to this minimum volt- 
age. By reducing Vrer (VReF = VREF+—VREF—) to less 
than 5V, the sensitivity of the converter can be increased 
(i.e., if VRE = 2.5V, then 1 LSB = 9.8 mV). The reference 
arrangement also facilitates ratiometric operation and in 
may cases the power supply can be used for transducer 
power as well as the VraeF source. Ratiometric operation is 
achieved by connecting VagF— to GND and connecting 
VreF+ and a transducer’s power supply input to V+. The 
ADC08161s, ADC08164s, and ADC08168s accuracy de- 
grades when Vrer+—|VReEF—| is less than 2.0V. 


The voltage at Vaer— sets the input level that produces a 
digital output of all zeroes. Through Vjy is not itself differen- 
tial, the reference design affords nearly differential-input ca- 
pability for some measurement applications. Figure 6 shows 
one possible differential configuration. 


It should be noted that, while the two Vp_r inputs are fully 
differential, the digital output will be zero. for any analog in- 
put voltage if VRefF— = VREF+- 


4.0 ANALOG INPUT AND SOURCE IMPEDANCE 


The ADC08161’s, ADC08164’s, and ADC08168’s analog in- 
put circuitry includes an analog switch with an “on” resist- 
ance of 709 and a 1.4 pF capacitor (see Figure 6). The 
switch is closed during the A/D’s input signal acquisition 
time (while WR is low when using the WR-RD Mode). A 
small transient current flows into the input pin each time the 
switch closes. A transient voltage, whose magnitude can 
increase as the source impedance increases, may be pres- 
ent at the input. So long as the source impedance is less 
than 5000, the input voltage transient will not cause errors 
and need not be filtered. 


Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 5009 should be used. if rated accuracy is to be 
achieved at the minimum sample time (100 ns maximum). A 
signal source with a high output impedance should have its 
output buffered with an operational amplifier. Any ringing or 
voltage shifts at the op amp’s output during the sampling 
period can result in conversion. errors. 

Some suggested input configurations using the internal 2.5V 
reference,’ an external reference, and adjusting the input 
span are shown in Figure 7. 


Correct conversion results will be obtained for input volt- 
ages greater than GND — 100 mV and less than Vto+ 
100 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than Vt, or more than 
300 mV lower than GND. The current flowing through any 
analog input pin should be limited to 5 mA or less to avoid 
permanent damage to the IC if an analog input pin is forced 
beyond these voltages. The sum of all the overdrive cur- 
rents into all pins must be less than 20 mA. Some sort of 
protection scheme should be used when the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits. A simple protection network using resistors 
and diodes is shown in Figure 8. 


5.0 INHERENT SAMPLE-AND-HOLD 


An important benefit of the ADC08161’s, ADC08164’s, and 
ADC08168’s input architecture is the inherent sample-and- 
hold (S/H) and its ability to measure relatively high speed 
signals without the help of an external S/H. In a non-sam- 
pling converter, regardless of its speed, the input must re- 
main stable to at least 14 LSB throughout the conversion 
process if full accuracy is to be maintained. Consequently, 
for many high speed signals, this signal must be externally 
sampled and held stationary during the conversion. 


The ADC08161, ADC08164, and ADC08168 are suitable for 
DSP-based systems because of the direct control of the 
S/H through the WR signal. The WR input signal allows the 
A/D to be synchronized to a DSP system’s sampling rate or 
to. other ADC08161, ADC08164, and ADC08168s. 


The ADC08161, ADC08164, and ADC08168 can perform 
accurate conversions of full-scale input signals at frequen- 
cies from DC to more than 300 kHz (full power bandwidth) 
without the need of an external sample-and-hold (S/H). 


6.0 INTERNAL BANDGAP REFERENCE 


The ADC08161, ADC08164, and ADC08168 have an inter- 
nal bandgap 2.5V reference that can be used as the VpaeF+ 
input. A parallel combination of a.0.1 wF ceramic capacitor 
and a 220 pF tantalum capacitor should be used to bypass 
the VreFout pin. This reduces possible noise pickup that 
could cause conversion errors. 


7.0 LAYOUT, GROUNDS, AND BYPASSING 


In order to ensure fast, accurate conversions from the 
ADC08161, ADC08164, and ADC08168, it is necessary to 
use appropriate circuit board layout techniques. Ideally, the 
analog-to-digital converter’s ground reference should be 
low impedance and free of noise from other parts of the 
system. Digital circuits can produce a great deal of noise on 
their ground returns and, therefore, should have their own 
separate ground lines. Best performance is obtained using 
separate ground planes should be provided for the digital 
and analog parts of the system. 


The analog inputs should be isolated from noisy signal 
traces to avoid having spurious signals couple to the input. 
Any external component (e.g., an input filter capacitor) con- 
nected across the inputs should be returned to a very clean 
ground point. Incorrectly grounding the ADC08161, 
ADC08164, or ADC08168 may result in reduced conversion 
accuracy. 


The V+ supply pin, Vaer+, and Vaer— (if not grounded) 
should be bypassed with a parallel combination of a 0.1 pF 
ceramic capacitor and a 10 pF tantalum capacitor placed as 
close as possible to the pins using short circuit board 
traces. See Figures 7 and 8. 
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VOLTAGE 
SOURCE 
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*Represents a multiplex channel in the ADC80164 and ADCO08168. 
FIGURE 6. ADC08161, ADC08164, and ADC08168 Equivalent Input Circuit Model 
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Internal Reference 2.5V Full-Scale Power Supply as Reference Input Not Referred to GND 
(Standard Application) 


VREFOUT 


VREF+ 
VREF- 


TL/H/11149-20 


TL/H/11149-19 TL/H/11149-21 


*Signal source driving Vjy(—) must be capable of 
sinking 5 mA. 
Note: Bypass capacitors consist of a 0.1 »F ceramic in parallel with a 10 uF bead tantalum, unless otherwise specified. 


FIGURE 7. Analog Input Options 


ADC08168 


VREFOUT 
0.1 pF 


0.1 uF 


TL/H/11149-22 
FIGURE 8. Typical Connection. Note the multiple bypass capacitors on the reference and power supply pins. Vrer— 
should be bypass to analog ground using multiple capacitors if it is not grounded (See Section 7.0 “LAYOUT, 
GROUNDS, and BYPASSING”). Vij is shown with an optional input protection network. 
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ADC08231/ADC08234/ADC08238 


National 


GA Semiconductor 


ADC08231/ADC08234/ADC08238 8-Bit 2 1s Serial I/O 
A/D Converters with MUX, Reference, and Track/Hold 


General Description Features 


The ADC08231/ADC08234/ADC08238 are 8-bit succes- ™ Serial digital data link requires few I/O pins 
sive approximation A/D converters with serial |1/O and con- ‘i Analog input track/hold function 
figurable input multiplexers with up to 8 channels. The serial m 4- or 8-channel input multiplexer options with address 


\/O is configured to comply with the NSC MICROWIRE™ logic 

serial data exchange standard for easy interface to the ™ On-chip 2.5V band-gap reference (+2% over tempera- 
COPS™ family of controllers, and can easily interface with ture guaranteed) 

standard shift registers or microprocessors. m& No zero or full scale adjustment required 


Designed for high-speed/low-power applications, the devic- _™ TTL/CMOS input/output compatible 
es are capable of a fast 2 us conversion when used witha =» oy to 5V analog input range with single 5V power 
4 MHz clock. supply 


All three devices provide a 2.5V band-gap derivedreference ™ Pin compatible with Industry-Standards ADC0831/4/8 
with guaranteed performance over temperature. 


A track/hold function allows the analog voltage at the posi- Key Specifications 


tive input to vary during the actual A/D conversion. mw Resolution 8 Bits 
The analog inputs can be configured to operate in various ™ Conversion time (f¢ = 4 MHz) 2 ps (Max) 
combinations of single-ended, differential, or pseudo-differ- jg Power dissipation 20 mW (Max) 
ential modes. In addition, input voltage spans as smallas1V og Single supply 5 Voc (+5%) 
Gah be ascormodaien, m Total unadjusted error +1/ LSB and +1 LSB 
Applications a Linearity Error (VpaeF = 2.5V) +% LSB 
m High-speed data acquisition @ No missing codes (over temperature) 

nee ‘ @ On-board Reference +2.5V +1.5% (Max) 
@ Digitizing automotive sensors 
@ Process control/monitoring 
@ Remote sensing in noisy environments 
@ Disk drives 
@ Portable instrumentation 
@ Test systems 


Ordering Information Connection Diagrams 


aaa ADC08238 ADC08234 
nausitria 


DIP and SO Packages DIP and SO Packages 
| ADCOB238BIWM, ADCoszssclwM | M208 


Military 


TL/H/11015-2 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 
o 


ADC08231 
Small Outline Package 


TL/H/11015-1 


ADC08231 
ADC08231CMJ JOBA Dual-In-Line Package 
ADC08234CMJ J14A soi ~~ sky, 
ADC08238CMJ J20A Vint 2 7\= CLK 
Vin- 3 6 |= Do 
GND —| 4 5}— Veer © 


TL/H/11015-26 


TL/H/11015-3 
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CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Absolute Maximum Ratings (notes 1 & 3) 


If Military/Aerospace specified devices are required, 
‘please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcc) . 6.5V 
Voltage at Inputs and Outputs —0.3V to Voc + 0.3V 


Input Current at Any Pin (Note 4) +5mA 
Package Input Current (Note 4) +20mA 
Power Dissipation at Ta = 25°C (Note 5) 800 mW 
ESD Susceptibility (Note 6) 1500V 
Soldering Information 
N Package (10 sec.) 260°C 
J Package (10 sec.) 300°C 
SO Package: 
Vapor Phase (60 sec.) 215°C 
Infrared (15 sec.) (Note 7) 220°C 
Storage Temperature —65°C to + 150°C 


Electrical Characteristics | 
The following specifications apply for Vcc = +5 Vpc, Vaer = +2.5 Voc and foLk = 4 MHz, Rgource = 502 unless otherwise 
specified. Boldface limits apply for Ta = Ty = Tryin to Tyax; all other limits Ta = Ty = 25°C. 


Symbol Parameter Conditions 


Linearity Error 
BIN, BIWM, BIJ 
CIN, CIWM, ClJ 
CMJ 


Gain Error 

BIN, BIWM, BIJ 
CIN, CIWM, ClJ 
CMJ 


Zero Error 

BIN, BIWM, BlJ 
CIN, CIWM, ClJ 
CMJ 


Total Unadjusted Error 
BIN, BIWM, BIJ 
CIN, CIWM, ClJ 
CMJ 


VreF = +2.5Vpc 


VREF = +5Vpc 
(Note 10) 


* ADC08231BIN, ADC08231CIN, 


ADC08231, 


CIWM Suffixes 


Typical Limits Typical 
(Note 8) (Note 9) (Note 8) 


VREF = +2.5Vpc 
+41 
+4 
+4 
VrReF = +2.5Vpc 
+1 
+1 


Analog Input Voltage (Note 12) (Vee + 0.05) (Vee + 0.05) 
(GND — 0.05) (GND — 0.05) 


Operating Ratings (notes 2.8 3) 

Temperature Range TMIN < Ta S Tax 
—40°C < Ta < +85°C 
ADCO08234BIN, ADC08234CIN, 

ADC08238BIN, ADCO8238CIN, 

ADC08231BlJ, ADC08231ClJ, 

ADC08234BIJ, ADC08234ClJ, 

ADCO08238BIJ, ADCO8238ClJ, 

ADC08231BIWM, ADC08231CIWM, 

ADC08234BIWM, ADCO8238BIWM, 

ADC08234CIWM, ADC08238CIWM 

ADC08231CMJ, ADC08234CMJ, —55°C < Ta < +125°C 
ADC08238CMJ 


Supply Voltage (Voc) 4.5 Vpc to 6.3 Voc 


ADC08231, 


josbenirignboiee ADC08234 and 
ADC06236 with BIN; ADC08238 with CMJ Unit 
CIN, BlJ, Cl, BIWM or i 
Suffix (Limits) 


Limits 
(Note 9) 


LSB (max) 
LSB (max) 
LSB (max) 


LSB (max) 
LSB (max) 
LSB (max) 


LSB (max) 
LSB (max) 
LSB (max) 


LSB (max) 
LSB (max) 
LSB (max) 


kQ. (min) 
kQ, (max) 
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Electrical Characteristics (continued) 
The following specifications apply for Vog = +5 Voc, VReF = +2.5 Vpc and fo_k = 4 MHz, Rsource = 502 unless otherwise 
specified. Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


ADC08231, 
ADC08231, 
ADC08234 and 
‘ ADC08234 and 
ADC06238 with BIN, | ancos238 with CMJ | Units 
Symbol Parameter Conditions CIN, BIJ, ClJ, BIWM or : aaa: 
Suffix (Limits) 


CIWM Suffixes 


Typical - Limits Typical Limits 
(Note 8) (Note 9) (Note 8) | (Note 9) 
CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 


DC Common-Mode Error VreF = +2.5Vpc az: 2 LSB (max) 


Power Supply Sensitivity Voc = +5V £5%, 
+1 41 
eieceiyuee WHER > “C26 05 — cde be easy 
On Channel Leakage On Channel = 5V, 0.2 
Current (Note 13) Off Channel = OV 1 
On Channel = OV, —0.2 
Off Channel = 5V -1 


Off Channel Leakage 
Current (Note 13) 


On Channel = 5V, —0.2 
Off Channel = OV —14 
On Channel = OV, 0.2 
Off Channel = 5V 1 


DYNAMIC CHARACTERISTICS (see Typical Converter Performance Characteristics) 
Sample Rate = 286 kHz 


Vin = +8 Vp-p Pe shes tape 


fim= tone | aas || 48.05 
fim= sone | a8.00 | | 48.00 
fin= toon | argo | ato 

DIGITAL AND DC CHARACTERISTICS 


Logical “1” Input Voltage Voc = 5.25V aw 
Logical “0” Input Voltage Voc = 4.75V ea el 


Signal-to- Vrer = +5V 
(Noise + Distortion) 


Ratio 


La ed 

reed 
eae 
ee ea eel 


Logical “1” Output Voltage | Vcc = 4.75V: 


louT = —360 pA 
lout = —10 pA 
Logical “0” Output Voltage | Vcc = 4.75V 
louT = 1.6mA 
TRI-STATE® Output Current | Vout = OV 
Vout = 5V 


Output Source Current Vout = OV fs | 


VouT(1) 


V (min) 
V (min) 


VouT(0) 


ISOURCE mA (min) 


Supply Current CS = HIGH 


mA (min) 


ADC08234, ADC08238 
ADC08231 (Note 16) 


mA (max) 
mA (max) 
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Electrical Characteristics (continued) 
The following specifications apply for Vcc = +5 Vpc and fcLk = 4 MHz unless otherwise specified. Boldface limits apply for 
Ta = Ty = Tin to Tyax; all other limits Ta = Ty = 25°C. 


ADC08231, 
ADC08231, 
ADC08234 and 
Z ADC08234 and 
ADEO6236 with BIN, ADC08238 with CMJ Unit 
Symbol Parameter Conditions CIN, BlJ, ClJ, BIWM or oie. 
Suffix (Limits) 


CIWM Suffixes 


Typical Limits Typical 
(Note 8) (Note 9) (Note 8) 


Limits 
(Note 9) 

BIN, BlJ 

’ , + 5 
BIWM +2% 2.5 +1.5% 
CIN, ClJ 2.5 : 

’ ’ ¢ - 
CIWM, CMJ +3.5% 2.5 +3.0% +3.5% 25 +3.0 


AVreF/AT | Temperature Coefficient ee no se 1 40 


AVrer/AIL | Load Regulation Sourcing 

(Note 17) (0<I_L < +4mA) 
ADC08234, 
ADC08238 


Sourcing 

(0 < IL < +2mA) 
ADC08231 
Sinking 
(-—1 < IL < OmA) 
ADC08234, 
ADC08238 
Sinking 
(-—1 <I, < OmA) 


REFERENCE CHARACTERISTICS 
VREFOUT- 


" 
w 


Output Voltage 


Oi 


BSS 
Oo 


0.003 %/mMA 


(max) 


2 
ne} 


ADC08231 
Line Regulation 4.75V < Voc < 5.25V Sos | 


Short Circuit Current 


VReF = OV 
ADC08234, 
ADC08238 


VREF = OV 
ADC08231 
Start-Up Time Voc: 0V — 5V 20 
C_ = 100 pF 
00 


Long Term Stability aia 2 


Isc 


mA 
(max) 


Tsu 


AVrerF/At 


ppm/1 kHr 
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Electrical Characteristics (Continued) 
The following specifications apply for Vcc = +5 Vpc, VREF = +2.5 Vpc and t, = t; = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


Typical Limits Units 
—— ee ee (Note 8) | (Note 2) | (Limits) 
foLk | Clock Frequency 10 kHz (min) 
MHz (max) 
Clock Duty Cycle 40 % (min) 
(Note 14) 60 % (max) 
To Conversion Time (Not Including fotk = 4 MHz 1/foLk (max) 
MUX Addressing Time) ps (max) 
a ee 
tsET-UP CS Falling Edge or Data Input ; 
Valid to CLK Rising Edge nis (rsn) 
tHOLD Data Input Valid after CLK F 
Rising Edge Retry, 
tpd1, tpdo CLK Falling Edge to Output C, = 100 pF: 
Data Valid (Note 15) Data MSB First ns (max) 
Data LSB First ns (max) 
t1H, tow TRI-STATE Delay from Rising Edge C, = 10 pF, Rr = 10 kQ 50 oe 
of CS to Data Output and SARS Hi-Z (see TRI-STATE Test Circuits) 
Cout | Capacitance of Logic Outputs eee ee Se ee 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional. These ratings do not guarantee specific performance limits. For guaranteed 
specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance 
characteristics may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to AGND = DGND = 0 Voc, unless otherwise specified. 

Note 4: When the input voltage (Vij) at any pin exceeds the power supplies (Vij < (AGND or DGND) or Vin > AVcc,) the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four 
pins. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Typ» 9A and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (TJygax — Ta)/Oya or the number given in the Absolute Maximum Ratings, whichever is lower. For devices 
with suffixes BIN, CIN, BlJ, Clu, BIWM, and CIWM TJax = 125°C. For devices with suffix CMJ, TumMax = 150°C. The typical thermal resistances (@ya) of these 
parts when board mounted follow: ADC08231 with BIN and CIN suffixes 120°C/W, ADC08234 with BIN and CIN suffixes 95°C/W, ADC08238 with BIN and CIN 
suffixes 80°C/W. ADC08231 with Blu, ClJ and CMJ suffixes 120°C/W, ADC08234 with Bld, ClJ and CMJ suffixes 85°C/W, ADC08238 with BIJ, ClJ and CMJ 
suffixes 75°C/W. ADC08231 with BIWM and CIWM suffixes 140°C/W, ADC08234 with BIWM and CIWM suffixes 140°C/W, ADC08238 with BIWM and CIWM 
suffixes 91°C/W, 

Note 6: Human body model, 100 pF capacitor discharged through a 1.5 kQ. resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or Linear Data Book section “Surface Mount” for other methods of 
soldering surface mount devices. 

Note 8: Typicals are at Ty = 25°C and represent the most likely parametric norm. 

Note 9: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Total unadjusted error includes zero, full-scale, linearity, and multiplexer error. Total unadjusted error with Vref = +5V only applies to the ADC08234 
and ADC08238. See Note 16. ; 

Note 11: Cannot be tested for the ADC08231. 

Note 12: For Vin(—) = Vin(+) the digital code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop greater than Vcc supply. During testing at low Vcc levels (e.g., 4.5V), high level analog 
inputs (e.g., 5V) can cause an input diode to conduct, especially at elevated temperatures. This will cause errors for analog inputs near full-scale. The specification 
allows 50 mV forward bias of either diode; this means that as long as the analog Vin does not exceed the supply voltage by more than 50 mV, the output code will 
be correct. Exceeding this range on an unselected channel will corrupt the reading of a selected channel. Achievement of an absolute 0 Vpc to 5 Vpc input voltage 
range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance and loading. 

Note 13: Channel leakage current is measured after a single-ended channel is selected and the clock is turned off. For off channel leakage current the following 
two cases are considered: one, with the selected channel tied high (5 Vpc) and the remaining off channels tied low (0 Vpc), total current flow through the off 
channels is measured; two, with the selected channel tied low and the off channels tied high, total current flow through the off channels is again measured. The two 
cases considered for determining on channel leakage current are the same except total current flow through the selected channel is measured. 

Note 14: A 40% to 60% duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these 
limits the minimum time the clock is high or low must be at least 120 ns. The maximum time the clock can be high or low is 100 ps. 

Note 15: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 

Note 16: For the ADC08231 VperiN is internally tied to the on chip 2.5V band-gap reference output; therefore, the supply current is larger because it includes the 
reference current (700 pA typical, 2 mA maximum). 

Note 17: Load regulation test conditions and specifications for the ADC08231 differ from those of the ADC08234 and ADC08238 because the ADC08231 has the 
on-board reference as a permanent load. 
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ADC08238 Simplified Block Diagram 


cs 


(_ 
Address Latch Control and 
and Decoder 


AGND 


2.5V 
Band-gap 
Reference 


TL/H/11015-4 
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Typical Performance Characteristics 


Linearity Error vs Linearity Error vs Linearity Error vs 
Reference Voltage Temperature Clock Frequency 


LINEARITY ERROR (LSB) 
LINEARITY ERROR (LSB) 
LINEARITY ERROR (LSB) 


55-35-15 5 25 45 65 85 105 125 


REFERENCE VOLTAGE (V) TEMPERATURE (°C) CLOCK FREQUENCY (MHz) 
Power Supply Current vs 
Temperature (ADC08238, Output Current vs Power Supply Current 
ADC08234) Temperature vs Clock Frequency 


3.0 


OUTPUT CURRENT (mA) 


POWER SUPPLY CURRENT (mA) 
id 
o 

POWER SUPPLY CURRENT (mA) 


1.0 
“55-35-15 5 25 45 65 85 105125 =55 -35-15 5 25 45 65 85 105125 


TEMPERATURE (°C) TEMPERATURE (°C) CLOCK FREQUENCY (MHz) 
(NOTE 16) 


Note: For ADC08231 add Iper (Note 16) TL/H/11015-5 


Spectral Response with Spectral Response with Spectral Response with 
10 kHz Sine Wave Input 50 kHz Sine Wave Input 100 kHz Sine Wave Input 
. Rg = 500 es [Rs =500 pe 
pee 5 Vin = +5Vp-p (Max) = 
|_| __|Ta= 25°C Ty = 25°C 
= HH Veo= Veer = +5¥ @ =e Veo = Veep = +8V a 
3S -20 rT yt | | ¥e ~ VREF B 50 cc = "REF @ 19 eal 
= fork = 4.0 MHz Bd fork = 4.0 MHz - hs | 
gw 730 Sampling Rate gw 730 Sampling Rate @ 30 |sampling Rate=286kHz | |_| 
my 40 = 286 kHz & =40 = 286 kHz &  -40 | S/(N +D) = 47.40 oB 
a 750 S/(N + D) = 48.35 dB 2 750 S/(N + D) = 48.00 dB 2 750 
S -60 eB -60 } eS ~-60 i 
nn -70 wn -70 nn -70 Ad , i! 
-80 veil -80 -80 sibew AN eM al aval 
: : ae 


0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 


FREQUENCY (kHz) FREQUENCY (kHz) FREQUENCY (kHz) 


Signal-to-Noise + Distortion 
Ratio vs Input Frequency 


Nyquist 
Frequenc 


Voc = Vrer = +5 
20 fork =4 MHz 
Ty = 25°C 

Vin = +5Vp-p 


INPUT FREQUENCY (kHz) 
TL/H/11015-6 
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Typical Reference Performance Characteristics 


Output Drift 
Line Regulation vs Temperature 
Load Regulation (3 Typical Parts) (3 Typical Parts) 
5.0 


OUTPUT VOLTAGE 


2 3 4 5 6 7 #8 


SOURCING SINKING SUPPLY VOLTAGE JUNCTION TEMPERATURE 
OUTPUT CURRENT (mA) 


(NOTE 17) Available 
Output Current 
vs Supply Voltage 
‘0 
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OUTPUT CURRENT (mA) 


SUPPLY VOLTAGE 
TL/H/11015-7 


TRI-STATE Test Circuits and Waveforms 


tH 


DATA 
OUTPUT 


SARS OUTPUTS 


ADC08231/ADC08234/ADC08238 


DO AND 
SARS OUTPUTS 


TL/H/11015-8 TL/H/11015-9 


Timing Diagrams 


Data Input Timing 


* tsELECT 


TL/H/11015-10 
*To reset these devices, CLK and CS must be simultaneously high for a period of tsELecT or greater. 


Data Output Timing 


DATA 
OUT (DO) 


TL/H/11015-11 


ADC08231 Start Conversion Timing 


START 
CONVERSION 


TL/H/11015-12 
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Timing Diagrams (Continueg) 


ADC08231 Timing 
5 


6 7 8 9 10 11 12 


CHIP SELECT 
(cs) 


8€c8000V/rEzs00dv/lEézs0ody 


DATA OUT 


DO 
a TRI-STATE * TRIFSTATE 


7 
(MSB) 


TL/H/11015-13 


*LSB first output not available on ADC08231. 
LSB information is maintained for remainder of clock periods until CS goes high. 


To reset the ADC08231, CLK and CS must be simultaneusly high for a period of tseLEcT or greater. The ADC08231 also has one extra clock period for sampling 
the analog signal (tga). Otherwise it is compatible with the ADC0831. 


ADC08234 Timing 
Oo 1 284 8s 6 ee i ae iS ie ie le 


CLOCK 
(CLK) 


ANALOG SAMPLING TIME (t.,) 


CHIP SELECT 
(cs) 


DATA IN 
(0!) 


SGL/DIF SELECT 
BIT1 


SAR STATUS 
(SARS) 


TRI=STATE 


DATA OUT 
(00) . . 
7 


(MSB) 


RI=STATE 


TL/H/11015-14 


To reset the ADC08234, CLK and CS must be simultaneously high for a period of tseLect or greater. The ADC08234 also has one extra clock period for sampling 
the analog signal (tca). Otherwise it is compatible with the ADC0834. : 
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ADC08231/ADC08234/ADC08238 


Functional Description 


1.0 MULTIPLEXER ADDRESSING 


The design of these converters utilizes a comparator struc- 
ture with built-in sample-and-hold which provides for a dif- 
ferential analog input to be converted by a successive- 
approximation routine. 


The actual voltage converted is always the difference be- 
tween an assigned “+” input terminal and a “‘—”’ input ter- 
minal. The polarity of each input terminal of the pair indi- 
cates which line the converter expects to be the most posi- 
tive. If the assigned “+” input voltage is less than the ce 
input voltage the converter responds with an all zeros out- 
put code. 


A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or pseudo-differential (which will 
convert the difference between the voltage at any analog 
input and a common terminal) operation. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 


A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. Differential inputs are restricted to adjacent channel 
pairs. For example, channel 0 and channel 1 may be select- 


ed as a differential pair but channel 0 or 1 cannot act 


differentially with any other channel. In addition to selecting 
differential mode the polarity may also be selected. Channel 
0 may be selected as the positive input and channel 1 as 
the negative input or vice versa. This programmability \is 
best illustrated by the MUX addressing codes shown in the 
following tables for the various product options. 


The MUX address is shifted into the converter via the DI 
line. Because the ADC08231 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing. 


The common input line (COM) on the ADC08238 can be 
used as a pseudo-differential input. In this mode the voltage 
on this pin is treated as the ““—” input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single-sup- 
ply applications where the analog circuitry may be biased up 
to a potential other than ground and the output signals are 
all referred to this potential. 


TABLE I. Multiplexer/Package Options 


Part :| Number of Analog Channels | Number of 
Number | cingle-Ended| Differential I 


1 


srl 
a) 
9 
° 
Ey 
—_ 
Tro) 
= 7) 
a] 
5 
® 


TABLE II. MUX Addressing: ADC08238 


Single-Ended MUX Mode 


MUX Address 


SGL/ 


START DIF 


Functional Description (Continued) 


TABLE II. MUX Addressing: ADC08238 (Continued) 


Differential MUX Mode 


MUX Address Analog Differential Channel-Pair # 


SRT dW I 

GP PW 
Ee 
iste 


N 


+ 


wo 


Se ee ee ee ee ee ee ee ee ee 


+ 


TABLE III. MUX Addressing: ADC08234 
Single-Ended MUX Mode 


MUX Address 
START SGL/ ODD/ are 
DIF SIGN 
{ 


COM is internally tied to AGND 


Differential MUX Mode 


MUX Address Channel # 
START SGL/ ODD/ al 
DIF SIGN 


Paine 
gel aoe 
re ee 
RES 


+ 


ities Po ea ae 
oe 
a a ee ae ne 
a ee ee ee 
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Functional Description (Continued) 


Since the input configuration is under software control, it 
can be modified as required before each conversion. A 
channel can be treated as a single-ended, ground refer- 
enced input for one conversion; then it can be reconfigured 
as part of a differential channel for another conversion. Fig- 
ure 7 illustrates the input flexibility which can be achieved. 
The analog input voltages for each channel can range from 
50mV below ground to 50mV above Vcc (typically 5V) with- 
out degrading conversion accuracy. 


2.0 THE DIGITAL INTERFACE 


A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 


- provements; it allows many functions to be included in a 


small package and it can eliminate the transmission of low 
level analog signals by locating the converter right at the 
analog-sensor; transmitting highly noise immune digital data 
back to the host processor. 


8 Single-Ended 


~~ nae OW we = O&O 
o++ +t + + t+ + 
= 


4 Differential 


FIGURE 1. Analog Input Multiplexer Options for the ADC08238 


To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate timing diagram is shown for each device. 


1. A conversion is initiated by pulling the CS (chip select) 
line low. This line must be held low for the entire conver- 
sion. The converter is now waiting for a start bit. and its 
MUX assignment word. 


2. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. 
The start bit is the first logic “1” that appears on this line 
(all leading zeros are ignored). Following the start bit the 
converter expects the next 2 to 4 bits to be the MUX 
assignment word. 


8 Pseudo-Differential 


nN oO on fF WwW NH 4 CO 
FS i a a 
= 


Mixed Mode 


TL/H/11015-17 


N 


© 


Functional Description (continued) 
3. 


When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of 1% 
clock periods is automatically inserted to allow for sam- 
pling the analog input. The SARS line goes high at the 
end of this time to signal that a conversion is now in prog- 
ress and the DI line is disabled (it no longer accepts 
data). 


. The data out (DO) line now comes out of TRISTATE and 


provides a leading zero. 


. During the conversion the output of the SAR comparator 


indicates whether the analog input is greater than (high) 
or less than (low) a series of successive voltages gener- 
ated internally from a ratioed capacitor array (first 5 bits) 
and a resistor ladder (last 3 bits). After each comparison 
the comparator’s output is shipped to the DO line on the 
falling edge of CLK. This data is the result of the conver- 
sion being shifted out (with the MSB first) and can be 
read by the processor immediately. 


. After 8 clock periods the conversion is completed. The 


SARS line returns low to indicate this 1% clock cycle later. 


. The stored data in the successive approximation register 


is loaded into an internal shift register. If the programmer 
prefers, the data can be provided in an LSB first format 
[this makes use of the shift enable (SE) control line]. On 
the ADC08238 the SE line is brought out and if held high 
the value of the LSB remains valid on the DO line. When 
SE is forced low the data is clocked out LSB first. On 
devices which do not include the SE control line, the 
data, LSB first, is automatically shifted out the DO line 
after the MSB first data stream. The DO line then goes 
low and stays low until CS is returned high. The 
ADC08231 is an exception in that its data is only output in 
MSB first format. 


All internal registers are cleared when the GS line is high 
and the tse_EcT requirement is met. See Data Input Tim- 
ing under Timing Diagrams. If another conversion is de- 
sired CS must make a high to low transition followed by 
address information. 


The DI and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire. 


+  ADCO8234 Vper IN 


Veer OUT 


DGND AGND 


TL/H/11015-18 
a) Ratiometric 


FIGURE 2. Reference Examples 


This is possible because the DI input is only ‘‘looked-at”’ 
during the MUX addressing interval while the DO line is 
still in a high impedance state. 


3.0 REFERENCE CONSIDERATIONS 


The VReFIN pin on these converters is the top of a resistor 
divider string and capacitor array used for the successive 
approximation conversion. The voltage applied to this refer- 
ence input defines the voltage span of the analog input (the 
difference between VIN(MAX) and VIN(MIN) Over which the 
256 possible output codes apply). The reference source 
must be capable of driving the reference input resistance, 
which can be as low as 1.3 kQ. 


For absolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference input must be 
biased with a stable voltage source. The ADC08234 and the 
ADC08238 provide the output of a 2.5V band-gap reference 
at VReFOUT. This voltage does not vary appreciably with 
temperature, supply voltage, or load current (see Reference 
Characteristics in the Electrical Characteristics tables) and 
can be tied directly to VpeFiN for an analog input span of OV 
to 2.5V. This output can also be used to bias external cir- 
cuits and can therefore be used as the reference in ratio- 
metric applications. Bypassing VReEFOUT with a 100 LF ca- 
pacitor is recommended. 


For the ADC08231, the output of the on-board reference is 
internally tied to the reference input. Consequently, the ana- 
log input span for this device is set at OV to 2.5V. The pin 
VreFC is provided for bypassing Purposes and biasing ex- 
ternal circuits as suggested above. 


The maximum value of the reference is limited to the Voc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals Vref, 
256). 


TRANSDUCER 
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Functional Description (Continued) 


4.0 THE ANALOG INPUTS 


The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 


The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 


to both selected “+” and ‘““—” inputs for a conversion 
(60 Hz is most typical). The time interval between sampling 
the “+” input and then the “—” input is 2 of a clock peri- 


od. The change in the common-mode voltage during this 
short time interval can cause conversion errors. For a sinus- 
oidal common-mode signal this error is: 


0.5 
Verror(max) = VpeaK(277fcm) (==) 


where foy is the frequency of the common-mode signal, 
VpEaxk is its peak voltage value 
and fo_k is the A/D clock frequency. 


For a 60Hz common-mode signal to generate a 1 LSB er- 
ror (= 5mV) with the converter running at 250kHz, its peak 
value would have to be 6.63V which would be larger than 
allowed as it exceeds the maximum analog input limits. 


Source resistance limitation is important with regard to the 
DC leakage currents of the input multiplexer. While operat- 
ing near or at maximum speed, bypass capacitors should 
not be used if the source resistance is greater than 1k0. 
The worst-case leakage current of +1pA over temperature 
will create a 1mV input error with a 1k source resistance. 
An op amp RC active low pass filter can provide both im- 
pedance buffering and noise filtering should a high imped- 
ance signal source be required. 


5.0 OPTIONAL ADJUSTMENTS 


5.1 Zero Error 


The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, Vin(miN); 'S not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any Vin (—) input at this VIN(MIN) Value. This 
utilizes the differential mode operation of the A/D. 


The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the Vij (—) input and applying a small 
magnitude positive voltage to the Vin (+) input. Zero error 
is the difference between the actual DC input voltage which 
is necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal 14 LSB value 
(Y% LSB = 9.8mV for VReF = 5.000Vpc). 


5.2 Full Scale 


A full-scale adjustment can be made by applying a differen- 
tial input voltage which is 11/4 LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the VreFlN input for a digital output code which is 
just changing from 1111 1110 to 1111 1111 (See figure enti- 
tled “Span Adjust; OV < Viy < 3V”). This is possible only 
with the ADC08234 and ADC08238. (The reference is inter- 
nally connected to VreFiN of the ADGC08231). 


5.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 
If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A Vin (+) voltage which 
equals this desired zero reference plus LSB (where the 
LSB is calculated for the desired analog span, using 1 LSB 
= analog span/256) is applied to selected “+” input and 
the zero reference voltage at the corresponding “—” input 
should then be adjusted to just obtain the O0yEx to O1HEX 
code transition. 
The full-scale adjustment should be made [with the proper 
Vin (—) voltage applied] by forcing a voltage to the Vin (+) 
input which is given by: 
Vv -V 
Vin (+) fs adj = Vax — 1.5 |e 
256 

where: 

Vmax = the high end of the analog input range 
and 


Vain = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 
The VreriN (or Vcc) voltage is then adjusted to provide a 
code change from FEy_x to FFHex. This completes the ad- 
justment procedure. 


Applications 


A “Stand-Alone” Hook-Up for ADC08238 Evaluation 


MUX ADORESS 


PARALLEL INPUTS 


INPUT SHIFT REGISTER 
74C165 


ANALOG INPUTS 


ADC08238 


VREF IN AGND OGND VREF OUT 


os 12 74c74 


*Pinouts shown for ADC08238. 
For all other products tie to pin functions as shown. 


DATA DISPLAY 


Low-Cost Remote Temperature Sensor 


Voc 
(5 Voc) 


ADC08231 


Vec 
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Applications (Continued) 


Protecting the Input 


Vec 
(5Vp¢) 


ADC08231/ADC08234/ADC08238 


Diodes are 1N914 
TL/H/11015-22 


Operating with Ratiometric Transducers 


Isource = 4™mA 


VREF OUT 


ADC08234 


*Vin(—) = 0.15 VReF 


15% of Vaer < VxprR < 85% of VREF TL/H/11015-23 


Span Adjust; OV < Vin < 3V 


ADC08234 


Veer IN 


CHI Vper OUT 
DGND _AGND 
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Applications (Continued) 


Zero-Shift and Span Adjust: 2V < Viy < 5V 


Sets Zero 


1ka 3300 
Zero ADJ 
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ADC0851 and ADC0858 


National 


GA Semiconductor 


ADC0851 and ADC0858 8-Bit Analog Data 
Acquisition and Monitoring Systems 


General Description Key Specifications 


The ADC0851 and ADCO858 are 2 and 8 input analog data ™ Resolution 8 Bits 
acquisition systems. They can function as conventional mul- @ Total error +¥, LSB or + 1 LSB 
tiple input A/D converters, automatic scanning A/D convert- m Low power 50 mW 
ers or programmable analog “watchdog” systems. In ™ Conversion time 18 s/Channel 
“watchdog” mode they monitor analog inputs and deter- i Limit comparison time 2 ps/Limit 
mine whether these inputs are inside or outside user pro- 

grammed window limits. This monitoring process takes 

place independent of the host processor. When any input Features . . 
falls outside of its programmed window limits, an interrupt is @ Watchdog operation signals processor when any 
automatically generated which flags the processor; the chip channel is outside user programmed window limits 


can then be interrogated as to exactly which channels ™ Frees microprocessor from continually monitoring 
crossed which limits. analog signals and simplifies applications software 


The advantage of this approach is that its frees the proces- m 2 (ADC0851) or 8 (ADC0858) analog input channels 
sor from having to frequently monitor analog variables. It m Single ended or differential input pairs 

can consequently save having to insert many A/D subrou-  & COM input for DC offsetting of input voltage 

tine calls throughout real time application code. In control m 4 (ADC0851) and 16 (ADC0858), 8-bit programmable 
systems where many variables are continually being moni- limits 

tored this can significantly free up the processor, especially NSC MICROWIRE™N interface 

if the variables are DC or slow varying signals. Power fail detection 


Oo 
a 

The Auto A/D conversion feature allows the device to scan im Auto A/D conversion feature 
oO 
og 


through selected input channels, performing an A/D conver- Single 5V supply 
sion on each channel without the need to select a new Window limits are user programmable via serial inter- 
channel after each conversion. face 


Applications 
@ Instrumentation monitoring and process control 
@ Digitizing automotive sensor signals 

mw Embedded diagnostics 


Simplified Block Diagram 


HIGH LIMIT LOW LIMIT 


=] 
™~s 


| 
| 
| |s 


CONTROL 
Vin(0) 
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(ADCO858 ONLY) 
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8 
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CONTROL LOGIC 
SHIFT REGISTERS 
CONTROL REGISTERS 

TIMING GENERATOR 
POWER ON RESET 
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Connection Diagrams 


ADC0851 ADC0858 
2-Channel MUX 8-Channel MUX 
Dual-In-Line Package Dual-In-Line Package 
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Top View 


TL/H/11021-2 


Top View 


ADC0851 PLCC Package ADC0858 PLCC Package 
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TL/H/11021-4 


TL/H/11021-3 Top View 


Military 
(“55°C < Ta < + 125°C) 
ADC0851CMJ J16A, 16-Pin 
Ceramic DIP 
ADC0O858CMJ J20A, 20-Pin 
Ceramic DIP 


Top View 


Ordering Information 


Industrial Paskane 
(—40°C < Ty < +85°C) 9 
ADC0851BIN, N16E, 16-Pin 
ADC0851CIN Plastic DIP 
ADCO858BIN, N20A, 20-Pin 
ADCO858CIN Plastic DIP 
ADC0851Blu, J16A, 16-Pin 
ADC0851ClJ Ceramic DIP 
ADCO858BlJ, J20A, 20-Pin 
ADCO858ClJ Ceramic DIP 
ADCO0851BIV, V20A, 20-Lead 
ADC0851CIV PLCC 
ADCO858BIV, V20A, 20-Lead 
ADCO858ClV PLCC 
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ADC0851 and ADC0858 


Absolute Maximum Ratings (notes 1 & 2) Operating Ratings (Notes 1 & 2) 


If Military/Aerospace specified devices are required, Supply Voltage, Vcc 4.5V to 5.5V 
please contact the National Semiconductor Sales Temperature Range Twin < Ta < Tmax 
Office/Distributors for availability and specifications. 


ADCO858CMJ —55°C < Ta < +125°C 
ae bees ae 4) sania ADCO851CMJ —55°C < Ta < +125°C 
oltage at Logic and Analog ate i" 

Inputs (Note 3) ~0.3V to Voc + 0.3V ADCO858BlJ, ADCO858ClJ 40°C < Ta < + 85°C 
; ADC0851BlJ, ADC0851ClJ —40°C < Ta < +85°C 

Input Current per Pin +5mA 
ADCO858BIN, ADCO858CIN —40°C < Ta < + 85°C 
Inpot Cutent pan Paeae capsid ADC0851BIN, ADC0851CIN 40°C <T + 85°C 

Storage Temperature —65°C to + 150°C : - AS 

pe ee ADCO858BIV, ADCO858ClV —40°C < Ta < + 85°C 

Package Dissipation 500 mW 
at Ta = + 2e°C (Board Mount) 800 mW ADC0851 BIV, ADC0851ClV —40°C < Ta < + 85°C 


Lead Temperature (Soldering, 10 Sec.) 


Dual-In-Line (Plastic) + 260°C 
Dual-In-Line (Ceramic) + 300°C 
ESD Susceptibility (Note 4) 2000V 


DC Electrical Characteristics 
The following specifications apply for Vcc = +5 Voc; VREF = +4.5 Vpc, AGND = DGND = OV and fosc = 1 MHz (Rext = 
3.16 kO, Cext = 170 pF) unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tax; all other limits apply 


at Ta = Ty = +25°C. 
Typical Limit 
(Note 5) (Note 6) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Units 


Parameter (Limits) 


Total Unadjusted Error (Note 7) 
ADC0851/8/BIN, ADC0851/8/BlJ, LSB (Max) 
ADC0851/8/BIV LSB (Max) 
ADC0851/8/CIN, ADC0851/8/Clu, LSB (Max) 
ADC0851/8/CMu, ADC0851/8/ClV LSB (Max) 
Comparator Offset 
ADC0851/8/BIN, ADC0851/8/BIJ mV (Max) 
ADCO858BIV : mV (Max) 
ADC0851/8/CIN, ADC0851/8/Clu, +2.5 mV (Max) 
ADC0851/8/CMJ, ADCO858ClV +2.5 mV (Max) 


kQ, (Min) 
ko. (Max) 
Common Mode Input Voltage All MUX Inputs GND — 0.05 V (Min) 
(Note 8) and COM Input Vec + 0.05 V (Max) 


DC Common Mode Error AVcy = —0.05V to + 5.05V +1/16 LSB (Max) 


Power Supply Sensitivity Vrer = 4.75V 
Voc = 5V + 5% LSB (Max) 
Vrer = 4.5V 


Voc = 5V + 10% 


lOFF: On Channel = 5V 
Off Channel Off Channel = OV 
Leakage Current Gn Ghannel = 0 
(Note 9) Off Channel = 5V 


Ion; On Channel = 5V 
On Channel Off Channel = OV 
Leakage Current On Channel = ov 
(Note 9) Off Channel = 5V 
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DC Electrical Characteristics (Continued) 

The following specifications apply for Vcc = +5 Voc, VaeF = +4.5 Voc, AGND = DGND = OV and fogg = 1 MHz (Rext = 
3.16 kQ,, Cext = 170 pF) unless otherwise specified. Boldface limits apply for Ta = Ty = Tin to Tay; all other limits apply 
at Ta = Ty = +25°C. 


~ Typical Limit Units 
soba ae (Note 5) (Note 6) (Limits) 


DIGITAL CHARACTERISTICS 


Logic ‘1” Input 
Voltage, Vjy 


Logic “0” Input 
Voltage, VL 


Logic ‘1” Input 


Current, | alain 


Logic ‘0” Input 


Current, Ij je (eng 


Logic “1” Output 
Voltage, Von V (Min) 
(Except INT) V (Min) 


Logic ‘‘O” Output 

Voltage, Vo. 

TRI-STATE® Output CS = Logic “1” (5V) 

Current (DO) Vout = 0.4V ; pA (Max) 
Vout = 5V pA (Max) 


ISOURCE Vout Short to GND 
(Except INT) : mA (Min) 


ISINK Vout Short to Voc mA (Min) 


V (Max) 


Supply Current, Ioc mA (Max) 
ADC0851 or ADC0858 fotk = 2 MHz i mA 
(Note 10) 


AC Electrical Characteristics 
The following specifications apply for Veg = +5 Vpc, VReF = +4.5 Voc, AGND = DGND = OV, fox = 1 MHz, t, = ty = 
5 ns unless otherwise specified. Boldface limits apply for T, = Ty = Tyin to Tax; all other limits apply at Ta = Ty = 25°C. 


a Typical Limit Units 
t 
Parameter Conditions (Note 5) (Note 6) (Limits) 


DataCockFrequency | | tf Me (Me 
Clock Duty Cycle 40 % (Min) 
(Note 11) 60 % (Max) 
CS Falling Edge or 
Data Input Valid to 30 
CLK Rising Edge 
Data Input Valid after 5 
CLK Rising Edge 

tpp1, tppo CLK Rising Edge to C_ = 100 pF 
Output Data Valid 


ns (Min) 


ns (Max) 


8S8000V pue LS8000V 
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AC Electrical Characteristics (Continued) 
The following specifications apply for Vcc = +5 Voc, VaeF = +4.5 Voc, AGND = DGND = OV, fo_k = 1 MHz, t; = tf = 
5 ns unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tax; all other limits apply at Ta = Ty = 25°C. 
Limit Units 
Symbol Parameter (Note 6) (Limits) 


tiH, ton Rising Edge of CS to C = 100 pF, R = 2k 
Data Output Hi-Z (See TRI-STATE 
Test Circuits) 


ns (Max) 


ny 
a 


fosc Oscillator Clock Freq. Rext = 3.16 kN MHz (Max) 
(Analog Timing) Cext = 170 pF MHz (Min) 


tEoc CS to End of OSC Clock 
Conversion Delay Periods 
Min 
Max 
OSC Clock 
Periods 
(Min) 
(Max) 


ns (Max) 


Conversion Time 


CS to Interrupt Delay 


Capacitance of 
Logic Input 


pF 


Capacitance of 
Logic Output 
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 
Note 2: All voltages are measured with respect to ground (AGND = DGND = OV). 


Note 3: All of the analog and digital input pins are internally diode clamped to the supply pins. Should the applied voltage at any pin exceed the power supply 
voltage, the additional absolute value of current at that pin (caused by the forward biasing of the internal diodes) should be limited to 5 mA or less. 


Note 4: Human body model, 100 pF discharged through a 1.5 kf. resistor. 

Note 5: Typical specifications are at + 25°C and represent the most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Total unadjusted error includes comparator offset, ADC linearity and multiplexer error, and, is expressed in LSBs. 

Note 8: Two on-chip diodes are tied to each analog input. The diodes will forward conduct for analog input voltages one diode drop below ground or one diode drop 
above Vcc. Care should be exercised when operating the device at low supply voltages (e.g., Vcc = 4.5V) because high analog inputs (5V) can cause the input 
diodes to conduct, especially at elevated temperatures. This will cause errors for analog inputs near full scale. The specification allows 50 mV forward bias of either 
clamp diode. Thus as long as Vy or Ver does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 Vpc 
to 5 Voc input voltage range will therefore require a minimum supply voltage of 4.950 Voc: 

Note 9: Leakage current is measured with the oscillator clock disabled. 

Note 10: Measured supply current does not include the DAC ladder current. 


Note 11: A 40% to 60% clock duty cycle range ensures proper operation at all clock frequencies. 
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Typical Performance Characteristics 


Offset Error vs Linearity Error vs Total Unadjusted Error 
Reference Voltage Reference Voltage vs Temperature 
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Test Circuits and Waveforms 
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Timing Diagrams 


Data Input Timing 
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Data Output Timing 
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Timing Diagrams (continued) 


Watchdog Timing 


osc 
CLK ff “a NST OTS 


8 OSC CLK PERIODS MINIMUM 
t<=/ FOR ADCO851 
INT) 33 OSC CLK PERIODS MINIMUM 
FOR ADCO858 
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A/D Conversion Timing 


EOC 


BEGIN CONVERSION END CONVERSION 


TL/H/11021-13 


Timing Diagrams for ADC0851 and ADC0858 
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Timing Diagrams for ADC0851 and ADC0858 (continued) 
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ADC0851 Programming Chart 8 
Function aici Comments an 
es ai : » 

Watchdog C11...C0O T3...T0,C11...C0,P,S3...S0 Send Data after INT a 
Write 1 Limit A3...A0,LO...L7 Write Limit to RAM 5 
1 A/D Conversion I3...10 DO...D7,13...10 Send Data after Conversion = 
Read 1 Limit | aor | as...ao | Lo...7 Send Limit from RAM © 


Test 1100 ptt ee 
Write all Limits 1101 Write All Limits to RAM 
Auto A/D Convert 1110 DO...D7,13...10 Continuous Conversion 
Read all Limits 1111 ipa 4 Bytes, LO First Send all Limits from RAM 


ADC0858 Programming Chart 


Do Not Use (See Text) 


A3...A0 
¥.4C0 


Function pes Comments 
i | 

Watchdog C11...C0 Send Data after INT 
Write 1 Limit ABs ADLO LPS? ta cuy cuuit attoy eae Wilte Lindo RAM 
1 A/D Conversion DO... D77182:;10 Send Data after Conversion 
Read 1 Limit AS... A0 Send Limit from RAM 
Test poo fF Bo ot se (800 Text 
Write allLimits | 1101 | 16Bytes,Lorist | = SSSS* Wt all Limits to RAM 
Auto A/D Convert Continuous Conversion 


Read all Limits 1111 De weed Hl 16 Bytes, LO First Send all Limits from RAM 


Serial Communication Bit Order 
Bit Order 


Information Type ADC0851 ADC0858 
| First | [cast | First | 
Limit Data 2c L7 Sant L7 
A/D Conversion Data D7 
Limit Address 
Status 
Channel Tag 


Channel Configuration 
Channel Information 
Mode 
Power Fail 


P (One Bit) P (One Bit) 
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Pin Descriptions 


Voc 


OSC 


Positive power supply pin. Bypass to analog 
ground with a 0.1 wF ceramic capacitor in 
parallel with a 10 »F tantalum capacitor. 


Input/Output pin used to generate internal 
timing for A/D conversion. This pin is con- 
nected to an external resistor and capacitor 
to set the oscillation frequency for analog 
timing (see Figure 72). 

This is the chip select input pin. It must be 
held low while data is transferred to or from 
the ADC0851/8 (see Timing Diagram). 


The serial clock input pin is used to clock 
serial data either into the data input pin (Dl) 
or out of the data output pin (DO). Input data 
is loaded on the rising edge of CLK and the 
output data is valid at the falling edge of 
CLK. 


Serial data digital input pin. 
TRI-STATE data output pin. 


This is the active low interrupt pin that indi- 
cates that at least one analog input channel 
voltage level has exceeded the pro- 
grammed window limits. Since this pin has 
an open drain output, an external pull up re- 
sistor is required. This allows many devices 
to be wire-ORed together using a single 
pull-up resistor. 


End of conversion output pin. The low state 
indicates that an A/D conversion is in prog- 
ress. The EOC pin goes high when the con- 
version is completed. 
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CHO-CH1 
(ADC0851) 
CHO-CH7 
(ADC0858) 


COMPL, 
COMPH 


Analog ground reference. 


Digital ground reference for the logic inputs. 
Both AGND and DGND should be at same 
potential. 


This is the analog reference pin. The volt- 
age applied to this pin sets the full scale 
A/D conversion range. Recommended volt- 
ages applied to this pin range from 1V to 
Vcc. Bypass to analog ground with a 0.1 wF 
ceramic capacitor in parallel with a 10uF 
tantalum capacitor. 


The COM pin functions as an inverting dif- 
ferential input common to all analog inputs 
when each channel is configured as a sin- 
gle-ended channel. If the input channels are 
programmed as differential pairs then the 
COM input has no effect. 


CHO-CH7 are analog input channels which 
can be configured as single ended inputs or 
as differential pairs. The analog input volt- 
age should stay within the power supply 
range. 

These output pins are available only on the 
ADC0851. During “Watchdog” operation, if 
either of the inputs exceeds the window lim- 
its, not only is an interrupt generated but 
also the COMPL and COMPH pins go low to 
indicate whether the upper or lower bounda- 
ry was exceeded (See applications section 
for more information.) 


General Overview 


The ADC0851/58 is a versatile microprocessor-compatible 
data acquisition system with an on-board watchdog capabili- 
ty. The device is capable of synchronous serial interface 
with most microprocessors and includes: a multiplexer, a 
RAM and a successive approximation register. The 
ADC0851 and the ADC0858 have two and eight input chan- 
nels respectively. 


1.0 Modes of Operation 


The device can be used in any one of the eight modes of 
operation listed below. A mode is selected by taking CS low 
and providing the IC with an input word whose first four bits 
specify the desired mode (see the “Programming Charts” 
for the mode selection codes): 


1.1 WATCHDOG MODE 


This mode of operation allows the device to operate as a 
digitally-programmable window comparator. The analog in- 
put voltage at each channel is compared against the upper 
and lower boundary limits stored in an internal RAM. When 
an input falls outside of its programmed window limits, an 
interrupt is generated. The microprocessor.can then pull CS 
low which causes the device to produce a bit stream that 
indicates which channel(s) crossed which limit(s). 


The watchdog mode is selected by taking CS low and shift- 
ing in the four bit word (100.0) followed by a twelve bit 
word that configures the analog inputs to operate either as 
single-ended or as differential pairs (CHO-CH1, CH2—CH3, 
etc.). When a channel is operating single-ended, its input 
voltage is compared to the upper and lower limits stored in 
RAM for that input. When two inputs are configured as a 
differential pair, the limits stored in the RAM for the channel 
with the lower number will be compared against the differ- 
ential input voltage. For example, the differential voltage 
CHO-CH1 will be compared with the lower and upper limits 
for CHO. The limits are programmed using the “write one 
limit to RAM” or “write all limits to RAM” mode. 


Data Input (DI) Word—ADC0851 or ADC0858 


SELECT WATCHDOG MODE 


Lt fepo fo ferferol cscs fer fosfes [os] osfex] cs [oo] 


CHANNEL CONFIGURATION 
TL/H/11021-23 


1.2 WRITE ONE LIMIT TO RAM 


This mode allows the user to update a single limit for one of 
the input channels. This is accomplished by using a 16-bit 
stream of input data (see “Programming Chart”). The first 
four bits (1 0 0 1) select the mode, the next four bits select 
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the input channel and the limit (upper or lower) that will be 
preset, and the last eight bits set the limit (or comparator 
threshold). 
The limit data representing the input voltage limit (or com- 
parator threshold) is expressed as per the following equa- 
tion: 

Vim = Vrer (2L7 + %4L6 +... + 1/256 LO) 
where L7 is the MSB. 


Data Input (DI) Word—ADC0851 or ADC0858 


SELECT WRITE ONE 
LIMIT MODE 


Ei fopods fasfae]aifaofeo fis fizfisfes [specu] 


MEMORY ADDRESS (TABLE ITA FOR ADCO851, 
TABLE ITB FOR ADCO858) 


LIMIT DATA 


TL/H/11021-24 


1.3 WRITE ALL LIMITS TO RAM 


This mode is used to update each pair of lower and upper 
limits for all channels. This is accomplished by a stream of 
input data whose first four bits select the mode of operation 
followed by four bytes of limit data for the ADCO851 and 
sixteen bytes of limit data for the ADCO858. 
The limit data representing the input voltage limit (or com- 
parator threshold) is expressed as per the following equa- 
tion: 

Vim = Vrer (%2L7 + %4L6 +... + 1/256 L0) 
where L7 is the MSB. 


Data Input (DI) Word—ADC0851 or ADC0858 


LIMIT 3 (CHI = UL) === ADCO851 
LIMIT 15 (CH7 = UL) --= ADCO858 


Lp fops profes fs fis fuses fesfrr] ~ fof fepspufisfis[u] 
l its] 
(ie 0 (CHO=LL)-=-ADC0851 OR ADCO8S58 


SELECT WRITE ALL LIMITS MODE 


TL/H/11021-25 


1.4 READ ONE LIMIT FROM RAM 

When the ADC0851/8 is configured in this mode, the user 
can read back an 8-bit limit word from the RAM memory 
location pointed to by the limit address. An 8-bit input word 
selects the mode (1011) and the memory location to be 
read. 

Data Input (DIM—ADC0851 or ADC0858 
MEMORY ADDRESS (TABLE ITA FOR ADCO851, 


BORG OOOd 
TABLE ITB FOR ADCO858) 


SELECT READ ONE LIMIT MODE 


TL/H/11021-26 
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1.0 Modes of Operation (Continued) 


1.5 READ ALL LIMITS FROM RAM 

This mode of operation allows the device to serially output 
8-bit limit data from each memory location in succession 
starting with CHO-lower limit (see Section 2.4 under inter- 
face considerations). 


Data Input (DI) Word—ADC0851 or ADC0858 
Bonn 


SELECT READ ALL LIMITS MODE 
TL/H/11021-27 


1.6 INITIATE ONE A/D CONVERSION 

At any time, the user can initiate an A/D conversion on any 
input channel. Note that the input channels may be config- 
ured as single ended or differential inputs. The first four bits 
of the input word select the mode of operation and the next 
four bits assign the multiplexer configuration. 


Data Input (DI) Word—ADC0851 or ADC0858 


CHANNEL IMFORMATION 


SELECT ONE A/D CONVERSION MODE 
TL/H/11021-28 


1.7 INITIATE AUTO A/D CONVERSION 


When configured in this mode, an A/D conversion is done 
on a channel or channel pair and after the output data is 
transmitted, conversion begins on the next subsequent 
channel or channel pair. In this mode the device continually 
scans through the input channels making A/D conversions 
unless the device’s mode of operation is changed. The first 
four bits of the input word select the mode of operation and 
the next twelve bits assign the multiplexer configuration. 


Data Input (DI) Word—ADC0851 or ADC0858 
SELECT AUTO A/D CONVERSION MODE 


BORO Soe Sogo 


CHANNEL CONFIGURATION 
TL/H/11021-29 


1.8 TEST MODE 

This mode is used to test the ADC0851/8 at the factory and 
is not intended for normal use. If this mode is accidentally 
selected, the supply voltage must be disconnected and then 
reconnected to reset the device. 


2.0 Conversion Timing vs 


Serial Interface Timing 

Note that the ADC0851/8 uses two clock signals for proper 
operation. Connecting an external resister (Rext) from the 
OSC pin (pin 2) to Vcc and an external capacitor (Cext) from 


the OSC pin to ground causes the device’s internal oscilla- 
tor to generate the OSC clock signal for A/D conversion 
and watchdog timing. With Rext = 3.16 kQ and Cex, = 
170 pF, the OSC clock frequency is approximately 1 MHz. 
Note that internally, ADC0851/8 divides the OSC clock fre- 
quency by two. An A/D conversion is completed in eighteen 
OSC clock periods maximum. It should be noted that the 
OSC pin of the ADC0851/8 should not be driven by an ex- 
ternal clock. 


An external clock signal is applied to the CLK pin (pin 4) of 
the ADC0851/8. The CLK signal is used to clock serial data 
either into the data input pin (Dl) or out of the data output 
pin (DO). 

Note that input data is loaded at the rising edge of CLK 
while the output data is valid at the falling edge of CLK. All 
digital timing such as data set-up and hold times and delays 
are measured with respect to the CLK signal. The OSC 
clock and CLK frequencies need not be the same. 


3.0 Programming Information 


The ADCO0851 and ADCO858 communicate data serially 
over the DI (data input) and DO (data output) lines. The data 
format for the input and output words for various modes of 
operation are shown in the “programming charts.” 

There are nine types of data as shown in the “serial com- 
munication bit order” table. The order in which data is com- 
municated is MSB first in all but two cases: Limit data and 


’ A/D conversion data. The various data types are described 


below. 


3.1 LIMIT DATA (LO, L1, ...L7) 


Limits on the ADC0851/8 are 8 bits in width and can either 
represent an upper or lower boundary limit. Limit data can 
either be written (in the “write one limit” or “write all limits” 
mode) to or read (in the “read one limit” or “read all limits” 
mode) from the limit RAM. Being able to read back the limit 
data allows system testability, and it also allows indepen- 
dent software routines to see what window limits were previ- 
ously written to the chip. During watchdog operation, a pro- 
grammed limit must be crossed in order to cause an inter- 
rupt. 


3.2 A/D CONVERSION DATA (D0, D1, . . . D7) 


There are two A/D conversion modes (One A/D conversion 
and Auto A/D conversion) that produce 8-bit conversion 
data: During either type of A/D conversion, a single-ended 
analog input or a differential analog input pair is digitized to 
produce this conversion data. 


3.3 LIMIT ADDRESS (A3, A2, . . . AQ) 


The limit address points to the location, within the limit 
RAM, to which limit data is sent or from which it is received. 
Limit address is used in the “write one limit to RAM”, “write 
all limits to RAM”, “read one limit from RAM” or “read all 
limits from RAM” mode. There are two addresses for each 
analog input; the even addresses correspond to the lower 


3.0 Programming Information 
(Continued) 


limits while the odd addresses correspond to the upper lim- 
its. The ADC0851 and ADC0858 both use four bits (A3—A0) 
to address the limit RAM but the ADC0851 only decodes 
the two LSBs while ignoring the two MSBs. The ADC0858 
decodes all four bits thus yielding sixteen limit addresses. 


3.4 STATUS AND CHANNEL TAG DATA 

(S3, S2,... , SO, ADC0851; S15, S14, ... , SO, ADC0858) 
(T3, T2,..., TO) 

During watchdog mode, immediately after one analog input 
is determined to be outside of its programmed window limit, 
its channel number is stored in the channel tag register and 
the remaining inputs are checked one more time and the 
pass/fail status of each input is stored in the status register. 
When the microprocessor receives the interrupt signal, it 
can read the status and channel tag data by pulling CS low 
and clocking out the data. 


3.5 CHANNEL CONFIGURATION DATA 
(C11, C10, ... CO) 


The channel configuration data assigns the configuration of 
the multiplexer. The data is comprised of twelve bits with 
each group of three bits addressing an analog input channel 
pair. Each channel pair can be configured for single-ended 
operation, differential operation, one single ended channel 
and one disabled channel, or both channels disabled. The 
channel configuration data is required when the device is in 
the watchdog or Auto A/D conversion mode. 


3.6 CHANNEL INFORMATION DATA 

(13, 12, . . . 10) 

This data is used by the ADC0851/8 only when the device is 
configured in the “One A/D conversion” mode. The chan- 
nel information data assigns the configuration of the multi- 
plexer. 


3.7 MODE ADDRESS (M3, M2, . . . MO) 


The input word (Dl) configures the ADC0851/8 for various 
modes of operation. The first four bits of the input word 
constitute the mode address which specifies the mode of 
operation. 


3.8 POWER FAIL BIT (P) 


The ADC0851/8 is automatically configured to the watch- 
dog mode upon power-up and an interrupt is immediately 
generated after CS is pulled high. Pulling CS low produces a 
17-bit data stream. The seventeenth bit of the output word 
DO in the watchdog mode is the power fail bit, P. If the 
output data is read after power-up then P will be at logical 
“4”. Changing the mode of operation resets P to logical 
“0”. Any subsequent power failure will cause the device to 
configure in the watchdog mode upon power-up with P at 
logical “1”. 


4.0 Initialization after Power-Up 


The ADC0851/8 is automatically configured in the watch- 
dog mode upon power-up. After reading the power fail bit 
CS is pulled high. To exit the watchdog mode and to change 
to a new mode of operation, CS should be high less than 
eight oscillator clock periods for the ADC0851 and less than 


thirty two oscillator clock periods for the ADCO858 respec- 
tively (see the Timing Diagram, “Read Power Flag after 
Power Up ADC0851/8”). When changing to a new mode of 
operation, the device readies itself to read a new input word 
clocked in at the data input (Dl) pin. The input word config- 
ures the new mode of operation. 


Functional Description 


The simplified block diagram (Figure 1, front page) shows 
the various functional blocks. The ADC0851 and ADCO858 
include 2- and 8-channel analog input multiplexers respec- 
tively. Using the appropriate serial input word at the Data 
Input (DI) pin, the analog channels can be configured for 
either single-ended operation or differential mode operation. 
The COM input pin provides additional flexibility since the 
COM pin functions as an inverting differential input common 
to all analog inputs when each channel is configured as a 
single ended channel. Applying an external DC voltage at 
the COM pin allows offsetting the single ended analog input 
voltages from ground (pseudo-differential mode). Input 
channels that are configured as differential pairs will be un- 
affected by the voltage at COM pin. 


The ADC0851/8 includes an 8-bit DAC, a comparator and 
an 8-bit successive approximation register. An analog-to- 
digital conversion can be initiated at any time on any one of 
the input channels. The 8-bit digital word corresponding to 
the analog input voltage is serially clocked out at the Data 
Output (DO) pin. In addition to its use as a multiplexed A/D 
converter, the ADC0851/8 may also be used as a window 
comparator.in the watchdog mode. An upper and lower 
boundary limit corresponding to each analog input voltage 
may be stored in an internal RAM. The RAM consists of 
sixteen memory locations, each 8 bit wide; however, for the 
ADC0851 only four memory locations are used. Limit data 
can either be written into or read back from the RAM. The 
read/write capability allows independent software routines 
to read back previously programmed window limits. Further- 
more, currently programmed limits may also be read back to 
ensure system testability. An address register holds the ad- 
dresses of the RAM’s memory locations where data may 
either be stored or retrieved from. 


When the device is operated in the watchdog mode (as de- 
scribed in the “general overview” section), the analog in- 
puts are continually polled and compared against their re- 
spective window limits. Once an input signal that has ex- 
ceeded either boundary limit is detected, a ‘1” is stored in 
the MSB position in a 16-bit status register, indicating a limit 
crossing. Note that the ADC0851 uses only four locations of 
the status register because it has only four limits. In addi- 
tion, the tag register is updated so that the register holds the 
address which indicates the channel and the corresponding 
upper or lower limit that was crossed. After the first limit 
crossing is detected, the device cycles through the remain- 
ing limits and compares them against their respective input 
signals. If any additional limit crossing is or are detected 
then a “1” is stored in the appropriate locations of the 
status register. After the completion of this operation, the 
interrupt pin (INT) goes low, providing a flag to a microproc- 
essor. The microprocessor can then cause the serial status 
data to be shifted out by bringing the CS line low. Together 
with the status and tag bits, the microprocessor can deter- 
mine which channel exceeded which limit. If desired the mi- 
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Functional Description (Continued) 


croprocessor can then initiate an A/D conversion on any 
channel(s). The ADC0851 includes two additional output 
pins, COMPL and COMPH. During watchdog operation, if 
either of the inputs exceeds its respective window bounds 
then not only is an interrupt generated but a logic low at 
COMPL or COMPH indicates whether the lower or upper 
boundary was crossed. 


A mode register within the ADC0851/8 allows the device to 
be used in any one of the eight modes of operation as de- 
scribed in the “general overview” section. 


The features described make the ADC0851/8 ideal for use 
in microprocessor-based automotive, instrumentation and 
control applications. Such applications often require moni- 
toring of various transducer signals and comparison against 
pre-programmed window limits. With its watchdog opera- 
tion, the ADC0851/8 frees up the microprocessor from hav- 
ing to continually monitor the analog variables; the micro- 
processor is interrupted only when the input signal crosses 
the preset bounds. Furthermore, the window limits can easi- 
ly be changed with simple software control. 


Applications Information 


|. Digital Interface Considerations 


The ADC0851 and ADCO0858 communicate data serially 
over the DI (Data Input) and DO (Data Output) pins. The 
data transfer is synchronous with the external clock (CLK) 
signal and is clocked in or out of the device at the rising 
edge of clock. Note that although the output data is clocked 
out starting at the rising edge of CLK, the data is valid at the 
falling edge of CLK: 


All internal timing in the device is with respect to the oscilla- 
tor clock. The oscillator frequency is set by connecting a 
resistor from the OSC pin (pin 2 for ADC0851 or ADC0858) 
to Vcc and a capacitor from the OSC pin to ground. The 
period of the oscillator clock will determine the A/ D conver- 
sion time and chip select (CS) high duration as will be dis- 
cussed in the following sections. 


1.0 Modes of Operation 


To initiate the operation of the device in any one of the eight 
modes, the chip select (CS) line must go low. After a CS low 
is detected, serial input data at the DI pin is clocked in start- 
ing at the first rising edge of the serial clock. The first four 
bits of the input word are reserved for specifying the mode 


of operation, with the first bit of the input word always being 
a logic “1”. Table | shows the mode addresses for selecting 
the different modes of operation. 


TABLE I. Modes of Operation 


1.1 POWER FAILURE DETECTION/ 
INITIALIZATION AFTER POWER-UP 


Upon power up, the device is automatically configured in the 
watchdog mode. The status of the power flag bit, P, pro- 
vides power failure indication to the microprocessor. The 
timing diagram of Figure 2 shows the sequence of events. 


First consider the case of initial power up. After power is 
applied, CS should be brought high. Bringing CS high caus- 
es the INT pin to go low, which signals the microprocessor 
that a failure has occurred. The microprocessor can ‘then 
interrogate the device as to the type of failure by bringing 
CS low. When CS goes low, it resets the INT pin to high and 
the output data is read starting at the first rising edge of 
clock (CLK) after CS has gone low. Since this is the first 
read cycle after power up, the power flag bit, P, is set high 
and appears at the rising edge of the seventeenth clock 
cycle after CS low is detected (Figure 2). After the power 
flag is read by the microprocessor, GS is taken high. Note 
that the duration for which CS remains high (after the power 
flag is read) must be less than eight oscillator clock periods 
for ADC0851 and less than thirty-two oscillator clock peri- 
ods for ADC0858. This is required to interrupt the device 
from watchdog mode so that when CS goes low, the device 
reads a valid data input (DI) word and configures to a new 
mode. 


During normal operation, the power flag bit is reset to zero 
after the first “read” cycle and will be updated to a “1” only 
if a power interruption occurs. 


+ 


= TO CHANGE TO A NEW MODE OF 
cs OPERATION, THIS TIME MUST BE 


1 2 3 15 16 17 


SHORTER THAN 8 OSC CLOCK 
PERIODS FOR ADCO8S1 AND 
SHORTER THAN 32 OSC CLOCK 
PERIODS FOR ADCO858. 


00 ———— TRISTATE CLLLLLLLLLLLLLLLLLLLLLLLLLA, P*' 


Vee f 


FIGURE 2. Read Power Flag after 


Power Up ADC0851/ADC0858 


TL/H/11021-30 


2.0 Memory Access Modes 


The ADC0851/8 has an internal RAM with sixteen memory 
locations (one location for the upper limit and one for the 
lower limit for each of the 8 input channels). Each memory 
location is 8 bits wide. An 8-bit. limit word representing an 
upper or lower limit boundary can either be written to or read 
from the RAM. The ADC0851 uses only four memory loca- 
tions for the four boundary limits corresponding to the two 
inputs. The eight channel ADC0858, however, makes use of 
all sixteen memory locations. 

Each memory location is accessed by a specific address as 
shown by Table II(a) and (b). Note that even addresses cor- 
respond to the lower limits while the odd addresses corre- 
spond to the upper limits. The ADC0851 and ADCO858 both 
use 4 bits (A3, ... AO) to address the RAM, however, 
ADCG0851 decodes only the two LSBs of the address data 
while ignoring the two MSBs. 


TABLE Ila. RAM Address and 
Limit Data for ADC0851 


Corresponding 
Pe [ae obtetee 
| 0 | 0 | cHo-Lower Limit | 
| 0 | 1 | cHo-Uppertimit | 
Px | x fot [oo | cht-towerLimit 


Limit Data (ADC0851) 


TABLE IIb. RAM Address and 
Limit Data for ADC0858 


RAM Address Corresponding 
Channel and Limit 
CHO-Lower Limit 


CHO-Upper Limit 
CH1—Lower Limit 


; 
; 

1 
1 
1 
1 
1 
i [a 
| o | 
| 0 | 4 | CHe—-Upper Limit 
Lie 


-|- 


1 
{ 


1 CH7-Lower Limit 


po ft Tt Tt | cor -upper Limit | 


Limit Data (ADC0858) 


ss 


2.1 WRITE ONE LIMIT 


This mode is used to update a single memory location in the 
limit RAM. An 8-bit limit word is written to the location point- 
ed to by the limit address. From Table | we can see that to 
initiate the operation of the device in the “write one limit” 
mode, the mode address has to be 1 0 0 1. The data format 
for the input word is as shown below. 


Data Input (DI) Word—ADC0851 or ADCO858 
oT tMIT baa 


ieee or sis 3 
BR GE OOOO sooomo 


MEMORY ADDRESS (TABLE ITA FOR ADCO851, 
TABLE ITB FOR ADC0858) 


TL/H/11021-31 


MODE 
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2.0 Memory Access Modes (Continuea) 


Note that the memory address is clocked in with the MSB 
(bit A3) first whereas the limit data is clocked in with the LSB 
(bit LO) first. 

Figure 3 shows the timing diagram for writing one limit. After 
CS is brought low, the input word (Dl) is clocked in starting 
at the first rising edge of CLK. Taking CS high after the MSB 
(bit L7) of the limit data is loaded completes the write opera- 
tion. 


2.2 WRITE ALL LIMITS MODE 


This mode is used to update all memory locations in the limit 
RAM. An 8-bit limit word is written to each memory location. 
Note that there are four limit words for the ADC0851 and 
sixteen limit words for the ADC0858. To initiate the opera- 
tion of the device in the “‘write all limits” mode, the mode 
address has to be 1 1 0 1 (see Table |). The data format for 
the input word is as shown below. 


Data Input (DI) Word—ADC0851 or ADC0858 


LIMIT 3 (CHI = UL) --- ADCO851 
LIMIT 15 (CH7 = UL) === ADCO858 


[ 
PP PoP fof feats te ts piste] 
| J 
(CHO-LL)---ADCO851 OR ADCOBS8 


MODE 


TL/H/11021-32 


LIMIT 0 


FIGURE 4. Timing Diagram for Write All Limits 


When writing all limits, memory address is not required. The 
limit data is sequentially written into the RAM starting at the 
location for CHO-Lower Limit and ending at; CH1—Upper 
Limit for the ADC0851 (see Table Ila), CH7—Upper Limit for 
ADC0858 (see Table IIb). Note that LO corresponds to the 
LSB of the limit data. 


Figure 4 shows the timing diagram. After GS is brought low, 
the input word (Dl) is clocked in starting at the first rising 
edge of CLK. The first four bits of D1 configure the device in 
the “write all limits” mode. Next, the limit data is serially 
clocked in. To complete the operation, CS should be 
brought high after the data is loaded. 


2.3 READ ONE LIMIT MODE 


When the mode address is 1 0 1 1, the device is configured 
in the “read one limit” mode. One 8-bit limit word can be 
read from the RAM memory location pointed to by the limit 
address. The data format for the input word is as shown 
below. 


Data Input (DI)—ADC0851 or ADC0858 


Don oooo 


L 2 


MEMORY ADDRESS 
(TABLE ITA FOR ADCO851, TABLE IIB FOR ADC0858) 


MODE 
TL/H/11021-33 


coofoTupyeyTst[us ts [yu yy 


LIMIT 3 (ADCO851), LIMIT 15 (ADCO858) 


TL/H/11021-35 


2.0 Memory Access Modes (continueg) 


The address bits access specific memory locations as per Note that no memory address data is required. The limit 
Table Il(a) and (b) for the ADC0851 and ADCO858 respec- data is sequentially transmitted out starting from the memo- 
tively. The address data is clocked in with the MSB (bit A3) ry location for CHO—Lower Limit:and ending at; CH1—Upper 
first. Limit for the ADC0851 (see Table II(a)), CH7—Upper Limit 
The timing diagram in Figure 5 shows that after CS goes for the ADC0858 (see Table II(b)). 
low, the first four bits of the input word configure the device The timing diagram of Figure 6 shows that the input data is 
to “read one limit” mode. Next, the address bits select the loaded starting at the first rising edge of CLK after CS goes 
desired memory location. Third clock rising edge after the low. Third clock rising edge after the last bit of the input data 
address data’s LSB is loaded, the limit data is output with is loaded, the limit data is serially transmitted out. Four limit 
the LSB (bit LO) first. words are transmitted for the ADC0851; sixteen for the 
ADC0858. Each limit word is output with the LSB (bit LO) 
2.4-READ ALL LIMITS MODE first. Taking CS high after the MSB of the last limit data is 


With a mode address of 1 1 1 1, the device is configured in transmitted completes the operation. 
the “read all limits mode”. When in this mode, 8-bit limit 

data from each memory location is serially transmitted out. 

The data format for the input word is as follows: 


Data Input (DI) Word—ADC0851 or ADC0858 


MODE 


TL/H/11021-36 


4A 1 Lo fs | Ls |e | s 0 WLLL 


TL/H/11021-38 


Dl 
ve) TRI-STATE 


FIGURE 5. Timing Diagram for Read One Limit ADC0851/ADC0858 


"A | 1 XXXZZ EEE 


Do rasa EA A A A 


LIMIT 0 LIMIT 3 (ADCOB51), LIMIT 15 (adc0858) 


TL/H/11021-39 
FIGURE 6. Timing Diagram for Read All Limits ADC0851/ADC0858 
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3.0 Watchdog Mode 


This is the primary real time operating mode. During watch- 
dog operation, the upper and lower limits stored in the RAM 
are applied sequentially to the DAC’s digital inputs. The 
DAC’s analog output is applied to the comparator input and 
compared against the voltage at the enabled analog input 
pin. The data format for the input word is as shown below. 


Data Input (DI) Word—ADC0851 or ADC0858 
MODE 


Pepe fe Le fever] cs Foe fo Fes [os [oe Fes teeter Lee] 
fae CHANNEL CONFIGURATION 


TL/H/11021-37 


The last twelve bits of the input word assign the multiplexer 
channel configuration. 


3.1 SELECTING THE CHANNEL CONFIGURATION 


When the device is either in the watchdog or automatic A/D 
conversion mode, each pair of analog input channels must 
be programmed to determine which channel(s) will be ac- 
tive, and whether they will be operating single-ended or dif- 
ferentially. Table III(a) and (b) show the channel addresses 
for the ADC0851 and the ADC0858 in various channel con- 
figurations. When the channels are configured as single- 
ended inputs, the input voltages are measured with respect 
to the voltage at the COM pin. Applying a DC voltage at the 


ci1 cio co C8 C7 C6 


TABLE Illa. Multiplexer Channel Configuration (ADC0851) 
ch ch (C3: (C2_—«C1_—CCO 


PAIR 0, 
CHANNEL | CHANNEL 
ADDRESS CONFIGURATION) = coweNTs 


COM pin will cause the device to measure the difference 
between the input signal and the voltage at the COM pin. 
The voltage at the COM pin has no effect on an input chan- 
nel that is configured as a differential pair. When the chan- 
nel pairs are configured as differential inputs (ie., CHO- 
CH1, CH2-CH3, etc.) the differential voltage is compared 
with the limits for the lower numbered channel. For exam- 
ple, the differential voltage CHO-CH1 will be compared with 
the limits for CHO. Note that the channel pairs are pro- 
grammed in groups of three bits. The channel address is 
input to the A/D converter with the MSB (bit C11) first. 


The timing diagrams for ADC0851 and ADC0858 watchdog 
operation are shown in Figure 7. After a CS low is detected, 
the input word (Dl) is clocked in starting at the first rising 
edge of the serial clock (CLK). Once the least significant bit 
of the channel address is loaded, CS should go high. Taking 
CS high after the proper input word is loaded initiates the 
operation of the device in the watchdog mode. To keep the 
device in continuous watchdog mode, CS should remain 
high for eight or more OSC clock periods for the ADC0851 
and thirty-three or more OSC clock periods for the 
ADCO858. If the input signals are within the boundary limits, 
the interrupt pin (INT) remains at logic “4” and the Data 
Ouptut (DO) pin is in TRI-STATE. In addition, in the case of 
the ADC0851, the COMPL and COMPH pins remain at logic 
i aa 


BOTH 
SINGLE=ENDED 


= | CH1 ONLY 
= | CHO ONLY 


DIFFERENTIAL 
CHO=CHi 


CHO AND CH1 
DISABLED 


TL/H/11021-—40 


TABLE IIIb. Multiplexer Channel Configuration (ADC0858) 


PAIR 6,7 PAIR 4,5 


SUBSTITUTE 
CHANNELS 
6 AND 7 INTO 
TABLE 
SUBSTITUTE 
CHANNELS 
4 AND 5 INTO 
TABLE 
SUBSTITUTE 
CHANNELS 
X=DON'T CARE 2 AND 3 INTO 
TABLE 


ci1 cio co C8 C7 C6 cS C4 C3 C2 SCO co 


PAIR 2,3 PAIR 0,1 


= | BOTH 
SINGLE-ENDED 

= | CH1 ONLY 

= | CHO ONLY 


DIFFERENTIAL 
CHO=CH1 


CHO AND CHI 
DISABLED 


TL/H/11021-41 


ADC0851 and ADC0858 


uone1adO Bopysjiem 10) swesbeig Buiwi 1 *2 3YNDIS 
@v-LZOLL/H/TL 


—Ls_Lis Jeee [vis [sis] a | 0 | 10 Jeoe Po pwpap~uypaya ts 1 —____. 


yy 
MMIII AAI KZ: eco] oo | io To 


“WVEOVIG ONINLL FHL NO uV 
ANIOd NOU SiV3d3Y NOLLWURdO 


UGLYOHS 38 LSAN IAL SIHL => 


8S8090V Uo}e1edg. Bopyozeq 


was] os Tos Pas Tos Ts To To jeeofnpayuyayay 


MMII LLLLL_LAAZZZZZZZXZQZKKQZZZZ==) LZZ_® T_ Jeee (os Toyo 
and Row sive Nouv 
souciva asus ZZ LE LE LE LE LY LY LE es 
“3007 AGN V OL ZONVHD : 
YOLVTIIOSO TWNUGINI @ NVHL 
YALOHS 34 ISAM IML SIL =p ‘ § J l — S2 


bS800dV Uo!,e1edQ Bopyszem 


3.0 Watchdog Mode (continue) 


113 


ADC0851 and ADC0858 


3.0 Watchdog Mode (continued) 


The device will read the new input word and configure to a 
different mode if CS is high for less than eight oscillator 
clock periods for the ADC0851 and less than thirty-two os- 
cillator clock periods for the ADC0858. 


Once a boundary limit is crossed, INT goes low. Moreover, 
for ADC0851, COMPL goes low if a lower limit is crossed, 
whereas COMPH goes low if an upper limit is crossed. If the 
input signals exceed both the upper and lower boundary 
limits then both COMPL and COMPH would go low. 


To output data after a limit crossing occurs (i.e., after INT 
goes low), CS should be brought low. Note that INT, 
COMPL and COMPH would remain low as long as cs 
doesn’t go low. After CS goes low INT, COMPL and 
COMPH go high and one clock cycle later output data is 
transmitted starting at the first rising edge of CLK, however, 
the data is valid at the falling edge of CLK (Figure 7). 


3.2 LIMIT CROSSING DETECTION 


When the ADC0851/8 is configured in the watchdog mode, 
the device operates as a window comparator. First the low- 
er window limit (stored in the RAM) for CHO is compared 
against the input voltage at CHO. If the input voltage is 
greater than the lower limit, then no interrupt is generated. 
Next the upper window limit for CHO is compared against 
CHO input voltage. If the input voltage is less than the upper 
window limit then no interrupt is generated for CHO and the 
device starts a similar comparison cycle for the next chan- 
nel (CH1). Note that the lower limit can be greater than the 
upper limit; in this case the device will flag the microproces- 
sor if the input signal falls inside a window. 


TABLE IVa. Channel Tag Address 
and Status (ADC0851) 


Corresponding Limit 
and Channel 


ro | o | o | o | o | LowerLimit—cHo 

Po [4 | uppertimit—cHo | 
Fo | Lower timit—cHt | 
[+ | uppertimt—cHt | 


REMAINING 3 BITS REFLECT 
RESULTS OF SUCCEEDING TESTS 


FIRST FAILED LIMIT 
(ADDRESS OF LIMIT IN CHANNEL TAG REGISTER) 


TL/H/11021-43 


TABLE IVb. Channel Tag Address 
and Status (ADC0858) 


Corresponding Limit 
and Channel 


Lower Limit—CHO 
Upper Limit—CHO 
Lower Limit—CH1 
Upper Limit—CH1 
Lower Limit—CH2 
Upper Limit—CH2 
Lower Limit—CH3 
Upper Limit—CH3 
Lower Limit—CH4 
Upper Limit—CH4 
Lower Limit—CH5 
Upper Limit—CH5 
Lower Limit—CH6 
Upper Limit—CH6 
Lower Limit—CH7 
Upper Limit—CH7 


_— 


=| 
=| 


EEGar 


POWER FAIL (P) 


Gia 
repo 
nc 
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Each comparison takes 2 1s; thus a total of 4 ps is required 
per channel. 


When in watchdog mode, the device will continuously cycle 
through the input channels until an input that has crossed its 
preset window limit is detected. When this occurs, a logical 
“4” ig stored in the MSB (bit S3 for ADCO851 and S15 for 
ADC0858) position of the status register. In addition the tag 
register is updated with the channel’s address (see Tables 
1V(a) and (b) for ADCO851 and ADC0858 respectively). Note 
that the tag address indicates which channel crossed which 
limit. Once the tag register is updated after the first limit is 
crossed, the device will once more cycle through the re- 
maining channels and compare the input voltages against 


REMAINING 15 BITS REFLECT 
RESULTS OF SUCCEEDING TESTS 


FIRST FAILED LIMIT 
(ADDRESS OF LIMIT IN CHANNEL TAG REGISTER) 


3.0 Watchdog Mode (Continued) 


their respective window limits. A logical “1” will be placed in 
the appropriate location of the status register for each limit 
that is crossed as the device cycles through the remaining 
channels. Note that the tag register is updated only once 
i.e., when the first limit is exceeded. After the last limit com- 
Parison is made subsequent to the first limit crossing, the 
device will cease any further limit comparisons and will 
cause the interrupt pin to go low. Taking CS low causes the 
data in the status and tag registers to be transmitted along 
with the programmed channel configuration information. In 
addition, an extra bit, P, is inserted between the channel 
and status information. This bit is updated to a logic “1” in 
case of a power interruption. 


The format for the output data is as shown below. 


Data Output (DO) Word—ADC0851 
CHANNEL CONFIGURATION 


5 [ra] [ro fersforo] co fos] [or foo] > [ss[s2] st] 50] 
a 1 POWER said camer 
TAG STATUS 

TL/H/11021-46 


Data Output (DO) Word—ADC0858 
CHANNEL CONFIGURATION 


EPR 
a POWER INTERRUPT 
TAG STATUS 


TL/H/11021-47 


The ‘order in which data is transmitted is as follows 
(ADC0851 or ADCO858): 


© Tags (4 bits\—MSB (T3) first 
¢ Channel configuration (12 bits—MSB (C11) first 
© Power interrupt (1 bit) 


© Status (4 bits for ADC0851, 16 bits for ADCO858)—MSB 
(S3/S15) first 


It is important to note that any channel that is disabled will 
not cause an interrupt. Furthermore, when operated in the 
differential mode, the arithmetic difference: of the two volt- 
ages will be compared with the lower and upper limits for 
the lower numbered channel. For example, with CHO and 
CH1 operating as a differential input pair, the CHO limits will 
apply. 

Consider an example where the lower limit of CH1 is 
crossed first and while the remaining limits are being 
checked, the upper limit of CHO is crossed. Figure 8 illus- 
trates the sequence of events for the ADC0851. During 
watchdog operation, CHO’s lower limit stored in the RAM is 
compared against the input voltage at CHO. Since no limit 
crossing is detected, the upper limit is compared against 
CHO input voltage. Again no limit crossing is detected and 
so CH1’s lower limit is next compared against the CH1 input 
voltage. This time a limit crossing is detected and a logic 
“4” is now stored in the MSB (S3) position of the status 
register (see Table |V(a)). Also the Tag register is updated 
with the corresponding address (0 0 1 0) from Table IV(a). 
The device now cycles through the remaining channels 
once more. Since no limit crossing is detected for the upper 
limit of CH1, a logic “0” is stored for S2 of the status regis- 
ter. Similarly a logic “0” is stored for S1 of the status regis- 
ter. Finally to complete the cycle, the last limit (upper limit of 
CHO) is checked and a limit crossing is detected. Conse- 
quently, a logic ‘‘1” is stored for SO. Note that the Tag regis- 


ter is only updated once when the first limit crossing is de- 
tected thus indicating which channel first exceeded its lower 
or upper limit. 


CHO-LLO CHI-LL1 © CHO-LLO 
COMPARE | CHO-ULO | CHI-UL1  CHO-ULO 


' t 1 1 ! 
' ' 1 1 1 


Vin Mtr od 4 UPPER LIMIT (ULO) 
1 1 t 
CHO = ete 
TTT LOWER LIMIT (LLO) 
' 1 ' 1 1 1 
1 1 1 1 1 1 
' ' ' ' 1 1 
' ' 1 1 ' 1 
' ' ' ' 1 1 
Vn co. « f ofS UPPER LIMIT (UL1) 


; ; ; LOWER LIMIT (LL1) 


FIRST LIMIT Sn | i SUBSEQUENT LIMIT CROSSING 
DETECTED DETECTED DURING CYCLE THROUGH 


INT | 
TL/H/11021-45 


(Example: Lower limit of CH1 is crossed first. During cycle through, upper 
limit of CHO is crossed) 


FIGURE 8. Example of Limit Crossing 
Detection (ADC0851) 


Assuming that there is no power interruption and that the 
ADC0851 was configured for single ended operation, the 
output word for our example would be: 


(Example of ADC0851 Data Output. Single ended input. 
Lower limit of CH1 fails first. During cycle through, upper. 
limit—CHO failure is detected). 


olo|s fo] x] x [x]x[x]... fo[o fol Topo] | 


T3 T2 T1 TO C11 C10 C9 C8 C7 C1 COP S3S2S1S0 
X = Don't care, whatever bit was initially programmed (ADCO851 only). 


The ADC0858 operates similar to the ADC0851 except that 
the ADC0858 has a 16-bit status word for the sixteen limits 
and sixteen tag addresses (See Table IV(b)). The output 
word transmitted to the microprocessor not only contains 
information as to how the channels are configured but also 
which input crossed which limit. If desired, the microproces- 
sor can go through a status bit normalization routine to nor- 
malize the status information with the tag number as will be 
discussed next. 


3.3 STATUS BIT NORMALIZATION 


Figure 9 shows the procedure for normalizing the status in- 
formation. Let’s consider the example cited earlier for the 
ADC0851. In our example, the lower limit of CH1 was 
crossed first and during cycle-through, upper limit—CHOo 
crossing was detected. The serial status data is thus 100 4 
and the tag data 0 0 1 0 corresponds to tag #2 (see Table 
IVa). Since the most significant bit (S3) of the status data is 
transmitted first, the data stored in the microprocessor’s 
memory is 1 0 0 1. The microprocessor next computes the 
tag number from the tag data and rotates the status bits left 
“TAG” places as in Figure 9. For our example, the status 
bits are rotated by shifting left 2 places. The status informa- 
tion in the microprocessor’s memory is now normalized i.e., 
UO corresponds to tag 0, U1 corresponds to tag 1 and so 
on. From the example in Figure 9 we can see that the status 
register in the microprocessor’s memory shows that tag 2 
and tag 1 failed. The ADC0858 uses a 16-bit status word 
and operates similar to the ADC0851. An example shown in 
Figure 9 for the ADC0858 demonstrates how status bit nor- 
malization is carried out. 
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3.0 Watchdog Mode (Continued) 


S15 


é so 
EN 
8 9 10 1 12 13 1 2 3 4 5 6 


Ss. 
ORIGINAL SERIAL 
STATUS DATA 


7 


U 


6 


ROTATE STATUS LEFT 
"TAG" PLACES 


3 so 
1 
2 3 0 1 
t— ns 
: U3 UO 
DATA IN MICROPROCESSOR 
MEMORY 
1 0 3 2 
* 
TAG ae 


U3 UO U15 
FINAL NORMALIZED 
STATUS INFORMATION 


TAG => 3 2 «1 «0 


(EXAMPLE: TAG 2 AND TAG 1 FAILED) TAG 


4.0 A/D Conversion Modes 


The ADC0851/8 can be used in two A/D conversion 
modes. In “One A/D conversion” mode, the device oper- 
ates as a multiplexed A/D converter and a conversion may 
be initiated on any channel or channel pair configured in the 
differential mode. In the ‘“‘Automatic A/D conversion” mode, 
an A/D conversion is done on a channel or channel pair and 
after the output data is transmitted, conversion begins on 
the next subsequent channel or channel pair. This process 
will continue unless the device’s mode of operation is 
changed. 


Note that the A/D conversion time is determined by the 
oscillator clock period and has no relation with the digital 
clock signal, CLK. The oscillator clock’s frequency is set by 
connecting a resistor from the OSC pin (pin 2 for ADCO851 
or ADCO0858) to Vcc and a capacitor from the OSC pin to 
ground. The conversion time of the A/D converter is eigh- 
teen OSC clock periods maximum. Assuming that the oscil- 
lation clock frequency is set at 1 MHz (with Rext = 3.16 kO. 
and Ceyxt = 170 pF) then the conversion time would be 
18 ws maximum. 


4.1 ONE A/D CONVERSION MODE 


This mode is used to initiate one A/D conversion on a single 
channel or channel pair configured in the differential mode. 
The necessary mode address as per Table | is 1 0 1 0. The 
format for the input word is as follows: 


Data Input (DI) word—ADC0851 or ADC0858. 


Pot felspets pe) 


CHANNEL INFORMATION 


MODE 
TL/H/11021-49 


(Table V(a) for ADC0851, Table V(b) for ADC0858) 


14 15 0 


TAG 


15 uo 
5 4 Bi uzvst> 0 7 


15 14 13 12 11 10 9 8 


TAG 


DEERE EEE EEE TI 
| | 7 


U0 
6 76: 4. 3- 2 1+0 


ae ee 10 9 8 7 


TL/H/11021-48 


FIGURE 9. Status Bit Normalization 


The 4-bit data following the mode address is the channel 
information address. These four bits assign the MUX config- 
uration for the single A/D conversion. The channel informa- 
tion addresses and the corresonding MUX configurations 
are shown in Table V(a) and (b) for ADC0851 and ADC0858 
respectively. Note that the ADC0851 only decodes the two 
LSBs of the channel information data while ignoring the two 
MSBs (I3 and 12): When a channel pair is configured in the 
differential mode, it is important to note that the arithmetic 
difference of the channel voltages should not be negative. 
Negative difference voltage would result in all zeroes at the 
output. 


TABLE V(a). Channel Information for 
One A/D Conversion (ADC0851) 


Pa [ cHo-ce 
ec eee 
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TABLE V(b). Channel Information 
for One A/D Conversion (ADC0858) 
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The timing diagram for one A/D conversion is shown in Fig- 
ure 10. After CS goes low, the input word (Dl) is clocked in 
Starting at the first rising edge of the digital clock signal, 
CLK. The first four bits of the input word configure the de- 
vice for “one A/D conversion” mode while the following 
four bits (channel information address) assign the configura- 
tion of the MUX as per Table V(a) and (b) for the ADC0851 
and the ADC0858 respectively. Any input data following the 
channel information address is ignored until the device’s 
mode of operation is changed. 


Taking CS high after the last bit of the channel information 
address loads the input word. Had CS been kept low longer, 
the following bits of the input word would have been ig- 
nored. The device takes one to two OSC clock periods after 
CS goes high to initiate the start of A/D conversion. The 
EOC output goes low, thus signalling the start of the conver- 
sion process. After a maximum of eighteen OSC clock peri- 
ods, conversion is completed and EOC output goes high, 
thus signalling the end of conversion. The output data is 
now available and will be transmitted only if CS is brought 
low. The output data is transmitted starting at the first rising 
edge of CLK after CS goes low. 
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The format for the output word is as shown below. 
Data Output (DO)—ADC0851 or ADC0858 


CHANNEL INFORMATION sen 
00 J 01 | 02 [os fo fos [os Por Tis Te Tn Yo] 


per tee 
TL/H/11021-50 


The first eight bits of the output word represent the digital 
equivalent of the input voltage. Bits 13 through 10 provide the 
channel configuration information as per Table V(a) and (b) 
for ADC0851 and ADC0858 respectively. Note that this in- 
formation is the same as the channel information in the in- 
put word. The order in which the output data is transmitted 
is as follows: 


e¢ Data—LSB (D0) first 
¢ Channel information—MSB (13) first 


Note that the output will be TRI-STATE if CS remains low 
after |0 is transmitted. Taking CS high after the output data 
is transmitted causes the device to initiate the start of the 
next A/D conversion on the same input while ignoring the 
data input word (Dl). If the duration for which GS is high is 
less than seventeen OSC clock periods, the conversion pro- 
cess will be interrupted and the device will look for the mode 
address at the falling edge of CS so as to configure to a new 
mode of operation. However, if CS is high for eighteen or 
more OSC clock periods then the conversion operation will 
continue from point A on the timing diagram (Figure 10). 
To ensure repetitive A/D conversion on the same input, CS 
going low should be synchronized with EOC going high. 
Thus after EOC goes high, the conversion is completed and 
CS can go low to transmit the output data. Meanwhile, if CS 
goes low while EOC is low then the conversion process is 
interrupted and the device is readied for a new mode of 
operation. 


4.2 AUTO A/D CONVERSION MODE 


When used in this mode, the ADC0851/8 offers added flexi- 
bility that many multiplexed A/D converters don’t. In the 
auto A/D conversion mode, the ADC0851/8 scans through 
the selected input channels, performing A/D conversion on 
each channel without the need for reloading a new data 
input word each time. From Table |, the mode address for 
the “Auto A/D Conversion” mode is 1 1 1 0. 


The format for the input word is as follows: 


Data Input (DI) Word—ADC0851 or ADC0858 


MODE 
EES So EGE) 
L i} 
ae CHANNEL CONFIGURATION 


TL/H/11021-51 
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4.0 A/D Conversion Modes (continued) 


The 12-bit channel address following the mode address as- 
signs the MUX configuration as per Table IIl(a) and (b) for 
ADCO0851 and ADCO0858 respectively. Note that the 
ADCO0851 only decodes the three LSBs (C0, C1 and C2) of 
the channel address. 


The timing diagram for “Auto A/D Conversion” mode is 
shown in Figure 71. The input word is loaded starting at the 
first rising edge of the CLK after CS goes low. The first four 
bits configure the device for the “Auto A/D Conversion” 
mode while the 12-bit channel address assigns the configu- 
ration of each channel pair. If CS remains low after CO is 
loaded then any subsequent input data is ignored. Taking 
CS high after the input word is loaded initiates the start of 
A/D. conversion. A/D conversion starts one to two OSC 
clock periods after CS goes high. The EOC output goes low 
to signal the start of an A/D conversion. The conversion 
time may range from 17 ps to 74 ws depending on how 


the channel pairs are configured. The EOC output goes high 
at the end of conversion thus signalling that the result of the 
A/D conversion can now be retrieved. The output data will 
be transmitted only if CS goes low and is transmitted start- 
ing at the first rising edge of CLK signal after CS goes low. 
The format for the output word is as follows: 

Data Output (DO)—ADC0851 or ADC0858 


CHANNEL INFORMATION 


[oo or Poe Pos Toe fos fos [or J's Je |» Jo 


A/D DATA 
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4.0 A/D Conversion Modes (Continued) 


The first eight bits of the output word represents the digital 
equivalent of the analog input voltage. Status bits 13 through 
10 provide the channel configuration information as per Ta- 
ble V(a) and (b) for ADC0851 and ADC0858 respectively. 


Keeping CS low after |0 is transmitted causes the output to 
be TRI-STATE. Once the output data is transmitted, CS may 
go high to initiate the start of the next A/D conversion. The 
subsequent A/D conversion starts on the next channel pair 
that is configured as per the initially loaded input word (Fig- 
ure 11). Any data on the data input (Dl) line is ignored. Note 
that if the duration for which CS is high is less than seven- 
teen OSC clock periods then the conversion process would 
be interrupted and the device would look for the mode ad- 
dress at the falling edge of CS so that a new mode of opera- 
tion can be configured. 


To ensure proper operation in the “Auto A/D Conversion” 
mode, CS going low should be synchronized with EOC go- 
ing high. Thus after EOC goes high, the conversion is com- 
pleted and CS can go low to transmit the output data. After 
the output data is transmitted, CS should go high to initiate 
automatic A/D conversion on the next channel pair and re- 
main high until the conversion is completed and EOC goes 
high. Meanwhile, if CS goes low while EOC is low then the 
conversion process is interrupted and the device is readied 
for a new mode of operation. 


5.0 Test Mode 


A mode address of 1 1 0 0 configures the device in the test 
mode. This mode is used to test the internal operation of the 
device at the factory and is not recommended for normal 
use. If the device is accidentally configured in the test mode 
then the power supply must be disconnected and recon- 
nected again to reset the device. 


6.0 Bidirectional I/O 


If the microprocessor has bidirectional Input/Output capa- 
bility then ADC0851/8’s input and output pins can be tied 
together and a single wire can be used to serially input data 
to or output data from ADC0851/8. This capability is made 
possible because when the input word is clocked in, the 
output pin is in TRISTATE and when the output word is 
clocked out, the data at the input pin is ignored. 


Il. Analog Considerations 
1.0 A/D Conversion Time 


The A/D conversion time is a function of the OSC clock 
frequency. The oscillator frequency is set by connecting an 
external resistor, Rext from the ADC0851/8’s OSC pin to 
Vcc and an external capacitor, Cext from the OSC pin to 
ground. With Rext = 3.16 kQ and Cext = 170 pF, the OSC 
frequency is 1 MHz at Vcc = 4.5V and 1.05 MHz at Vcc = 
5.5V. 


The OSC frequency will vary as the ambient temperature 
varies, this is shown by the Typical Performance Character- 
istics curve, “OSC Frequency vs Temperature”. For a speci- 
fied external resistor, the OSC frequency can be changed 
by varying the external capacitor as is shown by the Typical 
Performance Characteristics curve, ‘““OSC Frequency vs 
Rext and Cex”. Note that the OSC pin of the ADC0851/8 
should not be driven by an external clock as this might 


cause improper operation. The A/D converter’s conversion 
time is a minimum of seventeen OSC clock periods and a 
maximum of eighteen. Figure 12 shows a typical connection 
for the ADC0851 and ADC0858. 


2.0 The Reference 


The magnitude of the reference voltage (VreF) applied to 
the A/D converter determines the analog input voltage span 
(i.e., the difference between Vin(max) and Vin(min)) Over 
which the 256 possible output codes apply. The reference 
voltage source connected to the VREeF pin of ADC0851/8 
must be capable of driving a minimum load of 4 ko. 


The ADC0851/8 can be used in either ratiometric applica- 
tions or in systems requiring absolute accuracy. In a ratio- 
metric system, the analog input voltage is proportional to 
the voltage used for the A/D’s reference. This voltage is 
usually the system power supply, so the Vref pin can be 
tied to Vcc. 


For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin must be 
connected to a voltage source that is stable over time and 
temperature. Thé LM385 and LM336 micropower refer- 
ences are good low current devices for use with these A/D 
converters. 


The maximum value of the reference voltage is limited by 
the A/D converter’s power supply voltage, Vcc. The mini- 
mum value, however, can be as low as 1V while maintaining 
a typical Integral Linearity of +1 LSB (see Typical Perform- 
ance Characteristics curve, “Linearity Error vs Reference 
voltage”). This allows direct conversion of transducer out- 
puts that provide less than a 5V output span. Due to the 
increased sensitivity of the A/D converter at low reference 
voltages (e.g., 1 LSB = 3.9 mV fora 1V full scale range), 
care must be exercised with regard to noise pickup, circuit 
layout, and system error voltage sources. 


3.0 The Analog Inputs 


3.1 REDUCING COMMON MODE ERROR 
Rejection of common mode noise can be achieved by con- 


figuring the ADC0851/8’s inputs in the differential mode 


since the offending common mode signal is common to 
both the selected “+” and “—” inputs. The time interval 
between sampling the “+” input and the “—” input is one 
oscillator clock period. A change in the common-mode volt- 
age during this short time interval can cause conversion er- 
rors. For a sinusoidal common-mode signal this error is: 


Verror(Max) = VPEAK(27fcm) (1/fosc) 

where fcy is the frequency of the common-mode signal, 
Vpeak is the signal’s peak voltage and fosc is the A/D 
converter’s OSC clock frequency. 

For a 60 Hz common-mode signal to generate a 1/4 LSB 
error (~5 mV for a 5V full scale range) with the converter 
running at fosc = 250 kHz, its peak voltage would have to 
be 3.3V. 


3.2 SOURCE RESISTANCE 


For a source resistance under 2 k, the ADC0851/8’s total 
unadjusted error is typically +0.2 LSB at VRer = 4.75V and 
fosc < 1 MHz (see Typical Performance Characteristics 
curves, “Total Unadjusted Error vs Source Impedance”). 


One source of error is the multiplexer’s leakage current of 
3 A which contributes a 3 mV drop across a 1 kQ source 


3.0 The Analog Inputs (continued) 


resistance. Another source of error is the sampling nature of 
the A/D converter. Short spikes of current enter the “+” 
input and exit the ““—” input at the rising and falling tran- 
sition of the OSC clock . These currents decay rapidly and 
generally do not cause errors since the internal comparator 
is strobed at the end of a clock period. If large source resist- 
ances are used however, then the transients caused by the 
current spikes may not settle completely before conversion 
begins. If a capacitor is used at the input of the A/D convert- 
er for input filtering then the input signal source resistance 
should be kept at 1 kQ or less. 


3.3 ANALOG INPUT PROTECTION 


Often the analog inputs of A/D converters are driven from 
voltage sources that can swing higher than Vcc or lower 
than GND. Analog inputs often come from op amps which 
use + 15V supplies. While during normal operation the input 
voltages stay within the OV-5V A/D converter supply volt- 
age range, at power up the input voltage may actually rise 
above or fall below the A/D converter’s supply voltages. If 
the input voltage to any A/D converter input pin does fall 
outside the supply voltage by more than 0.3V (worst case) 
and the input draws more than 5 mA then there is a good 
possibility that the converter may latch up and provide a low 
impedance short between Vcc and GND. 


Figure 13 shows the overvoltage protection circuit for the 
analog input. If, for instance, the amplifier’s output saturates 
to its positive supply rail, then the junction of R1 and R2 
would be clamped to Vcc plus a diode drop. Resistor R1 
limits the op amp’s output current and R2 limits the current 
flowing into the input of the A/D converter. Likewise, the 
junction of R1 and R2 would be clamped to a diode drop 
below ground if the op amp’s output saturates to the nega- 
tive rail. 


4.0 Zero Scale and Full Scale 
Adjustment 


4.1 ZERO SCALE ERROR 


The zero scale error of the A/D converter does not require 
adjustment. If the minimum analog input voltage value, 
VIN(Min); iS not at ground potential then a zero offset can be 
done. The converter can be made to output 0000 0000 digi- 
tal code for this minimum input voltage by biasing the VIN(—) 


Typical Applications 


Vin 


VREF 


AGND 


DGND 


Voc 


ADC0851/18 


FIGURE 12. Recommended Connection for ADC0851 and ADC0858 


input of a differential input pair at this ViN(Min) Value. This 
utilizes the differential mode operation of the A/D converter. 


The zero scale error of the A/D converter relates to the 
location of the first riser of the transfer function and can be 
measured by grounding the Vin(—) input and applying a 
small magnitude positive voltage to the Vin(+) input. Zero 
error is the difference between the actual DC input voltage 
(the ideal 14 LSB value, 14 LSB = 9.8 mV for VreF = 5.000 
Vpc) and the applied input voltage that causes an output 
digital code transition from 0000 0000 to 0000 0001. 


4.2 FULL SCALE ADJUSTMENT 


The full-scale adjustment can be made by applying an input 
voltage that is 1.5 LSB less than the desired analog full- 
scale voltage and then adjusting the magnitude of the VREF 
input voltage for a digital output code that just changes from 
1111 1110 to 1111 1111. 


4.3 ADJUSTING FOR AN ARBITRARY 
ANALOG INPUT VOLTAGE RANGE 


Analog input voltages that span from a positive non-zero 
minimum value can easily be accommodated by the 
ADC0851/8. In this case, the A/D converter is used in the 
differential mode and a reference voltage equal to VIN(Min) 
is applied to the Vin(—) input. Normally zero scale adjust- 
ment is not required because the zero scale error is very 
small. However, if zero scale adjustment is desired then a 
voltage equal to ViN(Min) Plus % LSB (where 1 LSB = Input 
voltage span/256) should be applied to Vin(+) and the ref- 
erence voltage at Vin(—) should be adjusted such that the 
output code just changes from 0000 0000 to 0000 0001. 


Once the proper reference voltage is applied to the ViIN(-) 
input then full scale adjustment can be made. Full scale 
adjustment is made by first applying a voltage to the VIN(+) 
input that is 1.5 LSB less than VIN(Max) i-€.; 


VIN(+) FS ADJ = VMax — 1.5 [(Vtax — Vein)/256] 
where, Vax = the high end of the analog input voltage 
range 
Vain = the low end of the analog input voltage 
range 
The reference voltage, Ver applied to the reference input 
pin of the A/D converter is adjusted so that the output code 
just changes from 1111 1110 to 1111 1111. This completes 
the adjustment procedure. 
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Typical Applications (Continued) 
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ADC0851 and ADC0858 
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CHI(-) 


TL/H/11021-56 
FIGURE 13. Over Voltage Protection of the Analog Inputs 


ADC0851 
Single Ended Pseudo-Differential Differential 


CHO(+) 
CH1(*) 


CHO(+/~) 
CHi(-/+) 
COM(=) 


= TL/H/11021-59 
TL/H/11021-57 8 iis 


TL/H/11021-58 


FIGURE 14. Analog Input Multiplexer Options for ADC0851 


ADC0858 
Single Ended Pseudo-Differential Differential Mixed Mode 


CHO(+/-) 
CHi(-/+) 
CH2(+/-) 
CH3(-/+) 


+ 


CHO(+/-) 
CHi(-/+) 
CH2(+/-) 
CH3(-/+) 
CH4(+/-) 
CH5(-/+) 
CH6(+/-) 
CH7(-/+) 


Noon fF wWDYP = CO 


+ 
+ 
+ 


Nou fF WD = CO 


TL/H/11021-62 


TL/H/11021-60 AS 


TL/H/11021-61 TL/H/11021-63 


FIGURE 15. Analog Input Multiplexer Options for ADC0858 
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Typical Applications (continuea) 


TL/H/11021-64 
FIGURE 16. Adaptive Instrumentation Control 
(Ratiometric Operation) with Over Range Flag 


Vec 
ADC0851 


LM385 = 2.5 


TL/H/11021-66 
FIGURE 18. Absolute Input with 2.5V Input Voltage Span 
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TL/H/11021-65 
FIGURE 17. Remote Temperature Sensor 
with Over Range Flag 


ADC0851 


TL/H/11021-67 
FIGURE 19. Single Channel Ratiometric Operation 
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National 


Semiconductor 


ADC0881 
8-Bit 20 MSPS Flash A/D Converter 


General Description Key Specifications 


The ADC0881 is a monolithic flash Analog-to-Digital con- | ™@ Resolution 8 bits 
verter capable of converting a video signal into a stream of ™ Conversion rate DC to 20 MSPS (min) 
8-bit digital words at 20 MegaSamples Per Second (MSPS). __ Full power bandwidth 7 MHz (min) 
Since the ADC0881 is a flash converter, a sample-and-hold =m Small signal bandwidth (—3 dB) _ 60 MHz (min) 
circuit is not required. @ Linearity error 1%, LSB (max) 
The ADC0881 consists of 255 clocked latching compara- = Analog input range 4+3 to +5V 
tors, precision resistive divider, encoding logic, and an out- —_ Differential gain 1% 
put register. A single convert clock controls the conversion @ Differential phase 0.5° 
operation. The unit can be configured to give either true or pS eens ; 
inverted outputs, in binary or offset two’s complement cod & Power dissipation (Vcc = +5V) 600 mW 
ing. Alll digital 1/O is TTL compatible. m Power supply +5V 
Applications Features 

@ Video digitizing @ Drop-in replacement for TDC1058 

B Medical imaging @ Pin for pin replacement for CXA1096P and ADC-304 

@ High energy physics m No sample-and-hold circuit required 

@ Digital television @ Selectable data format 

m Radar @ Available in plastic DIP, CERDIP and PLCC 

w High speed data links m Single supply operation 


Block Diagram 


NMINV 
NLINV 
CONV 


Vin 


RT 
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LATCHING 
COMPARATORS 
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Absolute Maximum Ratings (notes 1 2) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (Vcca, Vecp) —0.5V to +7.0V 
Veca-Vccp +0.5V 
AGND-DGND +0.5V 


Voltage at Logic Control Inputs 
(CONV, NMINV, NLINV) (Note 3) —0.5V to (Voc +0.5V) 

Voltage at Digital Outputs (D1-—D8) 
(Note 3) 

Voltage at Analog Inputs 
(Vin. Vat; VRB) (Note 3) 


—0.5V to (Voc +0.5V) 


—0.5V to (Veo +0.5V) 


Vrat—-VreB +2.2V 
Applied Current at Digital Outputs (Note 4) +50 mA 
Input Current at Logic Control Inputs (Note 4) +50mA 
Input Current for Vin, Vat, Vas (Note 4) +100 mA 
Power Dissipation at Ta = 25°C (Note 5) 
ESD Rating 500V 


Storage Temperature Range —65°C to + 150°C 


Soldering Temperature 
All Packages (10 seconds) 300°C 


Operating Ratings (notes 1 a 2) 
Temperature Range TmMINS TaSTMax 


ADC0881CCJ/TDC1058B6C O°C<Ta<+70°C 
ADC0881CCN/TDC1058N6C O°C<Tpa<+70°C 
ADC0881CCV/TDC1058R3C O°C<Ta<+70°C 
Supply Voltages (Veca = Vecp = Vcc) _—4.75V to 5.25V 
AGND-DGND Voltage +0.1V 


Vrt Most Positive Reference 


Voltage (Note 6) 5.0V to (Voca +0.1V) 
Vre Most Negative Reference 

Voltage (Note 6) 3.0V to 2.65V 
VatT—VrB 1.8V to 2.2V 
Analog Input Voltage (Vij) Vert to Vas 

tpwL > 19ns 

tpWH = 27ns 


Converter Electrical Characteristics the following specifications apply for Vocqa = Vocp = 


Voc = +5.25V, Vag = 3.0V, Vat = 5.0V, Vagnp = VpGND = 
= Tmin to Tax; all other limits Ta = 25°C. 


specified. Boldface limits apply for T, 


Parameter 


STATIC CHARACTERISTICS 


| Resolution 


Integral Linearity Error 
Differential Linearity Error 
Code Size (Note 7) 


Offset Error, Top 
Offset Error, Bottom 


Offset Error Temperature Coefficient CS se, ae 


IREF Reference Current 


RReEF Total Reference Resistance 


VIN Analog Input Voltage Range 


Vrs V(min) 
Vat V(max) 


GND, tpw_ = 19 ns and tpwy = 27 ns unless otherwise 


Units 


Typical Limit (Limit) 


eee | 8 | Bits(min) 
ee eS 
a en 
100 i %LSB 

%LSB(min) 

%LSB(max) 

[Vn=Var Ts tt | via) 
PVin=Ven | 48 | vmx) 
|| #20 | nvroiman 

|| 30 | mama 


(min) 


lin Analog Input Constant Bias Current ee pA(max) 

Rin Analog Input Equivalent Resistance VIN = | | ao | kQ(min) 

Gn ___| AnaloginputCapacitance | Vw=Vas | 80 | rman 
DYNAMIC CHARACTERISTICS 

S/(N+D) | Signal-to-Noise+ Distortion Ratio VIN = 2.0 Vp-p, [fin=1.248MHz | | sa_ | dB(min) 

MeN | t= 2asemre [| 53 | aB(min 

S/(N+D) | Signal-to-Noise+ Distortion Ratio VIN = 2.0 Vp-p, | fin=1.248mHz | | as | dB(min) 


L88000V 


Converter Electrical Characteristics The following specifications apply for Veca = Vecp = Voc = 
+5.25V, Vag = 3.0V, Vat = 5.0V, Vaanp = VoGnpD = GND, tpw_ = 19 ns and tpwH = 27 ns unless otherwise specified. 


Boldface limits apply for Ta = Twin to Twax: all other limits Ta = 25°C. (Continued) 
Typical 
Bandwidth, Full Scale Input VIN = 2.0 Vp.p, No Spurious or 
Missing Codes i 


DYNAMIC CHARACTERISTICS 
—3 dB Small Signal Bandwidth Vin = —20 dB, FS = 0.2 Vp-p 
FullScale TransiontResponse | 


Sampling Time Offset Voc = +4.75V 


Differential Phase Error Pis-4xntso || 80 
Differential Gain Error fg = 4 X NTSC | 30 | 20 | 


DC Electrical Characteristics The following specifications apply for Voca = Vecp = Voc = +5.25V, 
Vrs = 3.0V, Vat = 5.0V, Vaanp = Voanp = GND, tpwL = 19 ns and tpwH = 27 ns unless otherwise specified. 


Boldface limits apply for Ta = Twin to Tmax: all other limits Ta = 25°C. 


Typical ae Units 
ect a ee eee qwote7) | | chimp 


Ving) | losical “1 InputVotge | vin) 


ADC0881 


Units 
(Limit) 


ns(min) 
ns(max) 


Vito ee ee ee 

lIN(4) Logical ‘1” Input Current (ass a een ee pA(max) 

pA(min) 

PVn=Voo=+s2v | || mama) 

lin) Logical ‘‘0” Input Current Vin = 0.4V fs -0 | mA(max) 

Vouri) | _ Logical “1” Output Voltage Voo=475V,loyr=—400na | | | _Vmin) 

Vout, | Losical “0” OutputVottage | Voo=475Vilour=40ma | || Viman 
One Second Duration Max 

G | Diattalinput Capacitance | f=tMHz || 8pm 

ico | VooaandVocn Supply Curent | Woes | S| 860 | Aman) 
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AC Electrical Characteristics the following specifications apply for Veca = Vecp = Vcc = +5.25V, 
VrB = 3.0V, Vat = 5.0V, Vaanp = Voanp = GND, tpwL = 19 ns, and tpwH = 27 ns unless otherwise specified. 


Boldface limits apply for Ta = Twin to Twa; all other limits Ta = 25°C. 


lor cin 
isi 
emoteoni rie wahiy 
ream ae gh 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 

Note 3: Applied voltage must be current-limited to the specified range. 

Note 4: Forcing voltage must be limited to specified range. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), @j, (package 
junction to ambient thermal resistance), 0c (package junction to case thermal resistance), and Ta (ambient temperature). The maximum allowable power 
dissipation at any temperature is Ppmax) = (TJmax — Ta)/@ya or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, Tjmax = 
175°C, and the typical thermal resistances (@j4 and 6c) of the ADC0881 follow: 


Package ONA ANC 
Number (°C/W) (°C/W) 


CCJ J28A 50 12 
N28A 17 
V28A 14 


Note 6: Vaz must be more positive than Vpp, and the voltage reference differential must be within the specified range. 


Note 7: Code size is the size of the individual codes, from code transition to code transition. It is often expressed as a percentage of the ideal code size. The ideal 
code size is given by: Input Voltage Range/2N. Where N is the number of bits of resolution of the A/D converter. 


Note 8: Worst case, all digital inputs and outputs LOW. 


Connection Diagrams 


28-Lead CERDIP—J Package 28-Lead Plastic Chip Carrier—V Package 
28-Lead Plastic DIP—N Package 4 
8 ze 8 
D1 (MSB) 28 NMINV a = 4 
27 RM 
26 RB RB 26 RT 
25 Voca RM 27 CONV 
24 MNINV 28 D8 (LSB) 
D1 (MSB) 1 D7 
D2 2 D6 
D3 3 D5 
D4 4 12 NLINV 


CONV 

D8 (LSB) 

D7 TL/H/11082-3 
Top View 


6 
a 
£ 


TL/H/11082-2 


Top View Ordering Information 


Commercial Packane 
(0°C < Ta < 70°C) 9 


ADC0881CCN/TDC1058N6C N28B, 28-Pin Plastic 


ADC0881CCJ/TDC1058B6C J28A, 28-Pin CERDIP 


ADC0881CCV/TDC1058R3C V28A, 28-Lead 
Plastic Chip Carrier 
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Typical Performance Characteristics (tT, = 25°C, Vcc = +5V) 
Differential Phase and Gain 


DIFFERENTIAL 


Convert Frequency = 14.3181800 MHz 
Analog Input = 3.57954550 MHz 


SINAD (Signal to Noise + Distortion Ratio) vs Input Frequency 


a 
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= 
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SAMPLE SAMPLE 
N#1 N#2 


ANALOG INPUT 


»—-| 


TL/H/11082-4 


t 
TAY AVAY, VAVAVAT, VAYANAV, VAY, 
DIGITAL OUTPUT | XXXX Ne XK NA WA Net XXX 


FIGURE 1. Timing Diagram 
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TL/H/11082-6 


Typical Performance Characteristics (continued) 
TABLE |. Output Coding Table 


Vettage NMINV = HIGH NMINV = LOW NMINV = LOW NMINV = HIGH 
NLINV = HIGH NLINV = LOW NLINV = HIGH NLINV = LOW 


5.0000V 0000 0000 44441111 1000 0000 01111111 
4.9922V 0000 0001 11111110 1000 0001 01111110 


@ e e e@ 

e @ e @ 
4.0078V 0111 1111 1000 0000 11111111 0000 0000 
4.0000V 1000 0000 01111114 0000 0000 111411111 
3.9922V 1000 0001 01111110 0000 0001 11111110 


@ tC) e e 
e@ @ e e 
@ e@ e e@ 
3.0156V 11111110 0000 0001 01111110 1000 0001 
3.0078V 11111111 0000 0000 01111111 1000 0000 
Note 1: NMINV and NLINV are to be considered DC controls, they may be tied to Vcc for a logic “1” or to ground for a logic “0”. 
Note 2: Voltages are code midpoints. 


Simplified Input and Output Circuits 


Voca 


AGND Veg AGND 
TL/H/11082-7 
Cjy is a nonlinear junction capacitance. 


Vre is a voltage equal to the voltage on pin Rg. ke REFERENCE 
RESISTOR 
CHAIN 
_ AGND AGND 


TL/H/11082-8 


FIGURE 2. Simplified Analog Input Circuits 


Veep 2 


AGND DGND 
TL/H/11082-9 


FIGURE 3. Simplified Digital Convert Input Circuit 
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Simplified Input and Output Circuits (continuea) 


= DGND 
OUTPUT EQUIVALENT CIRCUIT 


Vecp 


OUTPUT 


MEASUREMENTS 
TL/H/11082-10 


FIGURE 4. Simplified Digital Output Circuit 


Pin Descriptions 


Vecp (6,10) These are the digital power supply pins. Nor- 
mally, +5 Vpc should be applied and by- 
passed to digital ground with a 0.1 F ceram- 
ic capacitor in parallel with a 10 wF tantalum 
capacitor. 


These are the analog power supply pins. 
Normally, +5 Vpc should be applied and by- 
passed to analog ground with a 0.1 pF ca- 
pacitor in parallel with a 10 wF tantalum ca- 
pacitor. 

AGND (7,8,9) Analog ground pins. 

DGND (5,11) Digital ground pins. 

RT (18) This pin connects to the top of the reference 
resistor. Normally this pin is connected to 
+5 Vpc reference and should be bypassed 
to AGND with a 0.1 F ceramic capacitor in 
parallel with a 10 »F tantalum capacitor. 


This pin is connected to the middle of the 
reference resistor. A voltage may be applied 
to this pin to trim the converter’s integral lin- 
earity (see text). 


This pin is connected to the bottom of the 
reference resistor. Normally +38V is applied 
to this pin and should be bypassed to analog 
ground with a 0.1 wF ceramic capacitor in 
parallel with a 10 uF tantalum capacitor. 


These are the analog signal input pins, the 
two pins are internally connected. The input 
signal range is from +3V to +5V. 


A TTL convert signal is applied to this pin. A 
conversion is initiated at the rising edge of 
the signal. 

This is the Not Most Significant Bit Invert pin. 
A TTL signal at this pin controls the format of 
the output data (see Table |). 


This is the Not Least Significant Bit Invert pin. 
A TTL signal at this pin controls the format of 
the output data (see Table |). 

These are the digital output pins. D1 outputs 
the MSB data while D8 outputs the LSB data. 


No connection. 


Veca (19,25) 


RM (27) 


RB (26) 


Vin (21,23) 


CONV (17) 


NMINV (28) 


NLINV (12) 


D1-D8 


NC 
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Application Hints 


OPERATION 


The ADC0881 has three functional sections: a resistor/ 
comparator array, encoding logic, and output registers. The 
resistor/comparator array compares the input signal with 
255 reference voltages to produce an N-of-255 code (or 
thermometer code, since all the comparators whose refer- 
ence is more negative than the input signal will be in logic 
“4” state and all those whose reference is more positive will 
be in logic ‘0” state). The encoding logic converts the N-of- 
255 code into the user’s choice of coding. The output regis- 
ter holds the output constant between updates. 


REFERENCE 


The ADC0881 converts analog signals in the range Vag < 
Vin < Vpt into digital form. Nominally, Vpp is set to 3V and 
Vat is set to 5V. However, the specifications of the 
ADC0881 are guaranteed as long as the following three ref- 
erence operating conditions are met: 


1. the voltage applied across the reference resistor chain 
(Vat-Vrp) is within the range of 1.8V to 2.2V, 


2.Vat < (Voca + 0.1V) 
3. VrB = 2.65V. 


Therefore, if the supply voltage is expected to drop below 
4.9V, the reference voltages should be lowered accordingly. 
For instance, if the system design allows the supply voltage 
to drop to the minimum recommended value of 4.75V, Vat 
should be set to 4.75V and Vpp should be set to 2.75V. At 
worst case, Vat may be set at 4.85V and Vpg set at 2.85V. 
This assumes a 2 Vp.p maximum input signal that spans 
from Vin = Vp to Vin = Vprt. These reference voltages 
will allow the ADC0881 to give fully guaranteed perform- 
ance over the full supply range. See the “Electrical Charac- 
teristics” table for further information. 


Linearity is guaranteed with no adjustment; however, a mid- 
point tap, Ry, allows trimming of converter integral linearity 
as well as the creation of a nonlinear transfer function. Note 
that ADC0881’s integral nonlinearity is + 1% LSB maximum. 
If the maximum non-linearity occurs at midscale then the 
circuit of Figure 5 will allow the user to null out the linearity 
error at midscale. This adjustment may improve the overall 
integral linearity of the converter to less than +'% LSB. 


Application Hints (continuea) 


The characteristic impedance seen at this node is approxi- 
mately 2209 and should be driven from a low-impedance 
source. Note that any load applied to this node will affect 
linearity, and any noise introduced at this point will degrade 
the overall quantization Signal to Noise Ratio. Due to the 
Slight variation in the reference current with clock and input 
signals, Rt and Rg should be low-impedance-to-ground 
points. For circuits in which the reference is not varied, a 
bypass capacitor (0.01 uF to 0.1 wF) to ground is recom- 
mended. If the reference inputs are exercised dynamically 
(as in an automatic gain control circuit) a low-impedance 
reference source is required. The reference voltages may 
be varied dynamically at up to 5 MHz; however, device per- 
formance is specified with fixed reference voltages as de- 
fined in the “Electrical Characteristics” tables. 


ANALOG INPUT AND SOURCE IMPEDANCE 
CONSIDERATIONS 


For precise quantization, the ADC0881 uses latching com- 
parators. For optimum overall system performance the 
source impedance of the driving circuit must be less than 
252. If the input signal is between the Vat and Vpp refer- 
ences, the output will be a binary number from 0 to 255. 
When a signal outside the recommended input voltage 
range is applied, the output will remain at either full-scale 
value. The input signal will not damage the ADC0881 if it 
remains within the range specified in the “Absolute Maxi- 
mum Ratings” table. Both analog input pins (Vx) are con- 
nected together internally and therefore either one or both 
may be used. 


CONVERT 


The ADC0881 requires an external convert (CONV) signal. 
Because the ADC0881 is a flash converter it does not re- 
quire a track-and-hold circuit. A sample is taken (the outputs 
of the comparators are latched) within tsto (Sampling Time 
Offset) after a rising edge on the CONV pin. The result is 
encoded on the falling edge, and then transferred to the 
output registers on the next rising edge. The output be- 
comes valid tp (Output Delay Time) after the rising edge of 
CONV and remains valid for at least ty (Output Hold Time) 
after the rising edge of CONV. Therefore, the value of sam- 
ple N becomes valid tp after the rising edge of clock N+1 
and remains valid until tyo after the rising edge of clock 
N+ 2. (See Figure 7, Timing Diagram.) 


OUTPUT FORMAT CONTROL 


Two output format control pins, NMINV and NLINV, are pro- 
vided. These controls are for DC (i.e., steady state) use. 
They permit the output coding to be either straight binary or 
offset two’s complement, in either true or inverted sense, 
according to the “Output Coding Table”. (See Table |.) 
These active low pins may be tied to Vcc (through a 4.7k 
resistor) for a logic “1” or DGND for a logic “0”. 


OUTPUTS 


The outputs of the ADC0881 are TTL compatible, capable 
of driving four low-power Schottky TTL (54/74 LS) loads or 
the equivalent. The outputs hold the previous data for a 
minimum of tyo after the rising edge of the convert signal. 


POWER SUPPLIES 


The ADC0881 operates from a single +5V supply voltage. 
All power and ground pins must be connected. Voca and 
Vccp should be bypassed with a 0.1 uF ceramic capacitor 
in parallel with a 10 F tantalum capacitor to the analog and 
digital grounds respectively. A ferrite bead may be used to 
provide high frequency isolation between the two supply 
pins. 


TYPICAL INTERFACE CIRCUIT 


A typical interface circuit (Figure 6) shows an example of a 
high-performance application circuit for the ADCO881. The 
wideband analog input operational amplifier drives the A/D 
converter directly. Bipolar inputs to the op amp can be ac- 
commodated by adjusting the offset control. A band-gap ref- 
erence diode provides a stable reference for both the offset 
and gain controls. All Vij pins are connected close to the 
device package and the input amplifier’s feedback loop 
should be closed at this point. The buffer has an inverting 
gain of two, increasing a 1 Vp-p video input signal to the 
recommended 2 Vp.p input for the ADC0881. Proper decou- 
pling is recommended for all systems. 


A variable capacitor permits amplifier optimization for either 
step response or frequency response. This may be replaced 
with a fixed value capacitor as determined by evaluation of 
the final PC board layout. 


The bottom reference voltage (Vp) is supplied by an invert- 
ing amplifier, buffered with a PNP transistor. The transistor 
provides a low-impedance source and is necessary to sink 
the current flowing through the reference resistor chain. 


The Inexpensive Interface Circuit shown in Figure 7 offers 
considerable parts reduction for cost-sensitive applications 
where DC response is not required and loss of some power 
supply rejection is tolerable. The 2000 resistors bias the 
input to + 4V and provide the current to the Zener diode to 
provide the reference bottom voltage. The 1 .F capacitor 
decouples the input signal from the DC voltage present at 
the input of the ADC0881. The 10 uF and 0.1 .F capacitors, 
as well as the ferrite bead, provide power supply decou- 
pling. The 1N5711 Schottky diodes are for protection 
against overvoltages at the input and are not required if 
these precautions are taken elsewhere in the circuit. 


#5V 


Ry} ADCO881 


+3V 
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FIGURE 5. Optional Midscale Linearity Adjust 
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FERRITE BEAD 


"GAIN" 


2.9k 


1/2 LM1458 


FERRITE BEAD 


LM313 
REFERENCE 


ALL CAPACITORS 0.1 2F CERAMIC UNLESS OTHERWISE NOTED 
FERRITE BEAD IS FAIR-RITE #2743001112 OR EQUIVALENT 


FIGURE 6. Typical Interface Circuit 
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* OPTIONAL, SEE TEXT 
FIGURE 7. Inexpensive Interface Circuit 
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ADC0882 


8-Bit 20 MSPS Flash A/D Converter 


General Description 

The ADC0882 is a monolithic flash Analog to Digital con- 
verter capable of converting a video signal into a stream of 
8-bit digital words at 20 MegaSamples Per Second (MSPS). 
The device is pin for pin compatible with TDC1048 but uses 
half the power. Since ADC0882 is a flash converter, a sam- 
ple-and-hold circuit is not required. 

The ADC0882 consists of 255 clocked latching compara- 
tors, precision resistive divider, encoding logic, and an out- 
put register. A single convert clock controls the conversion 
operation. The unit can be configured to give either true or 
inverted outputs, in binary or offset two’s complement cod- 
ing. All digital 1/O is TTL compatible. 


Applications 
Video Digitizing 
Medical Imaging 
High Energy Physics 
Digital Television 
Radar 
High Speed Data Links 


Block Diagram 


NMINV 
NLINV 
CONV 

VIN 


RT 


Key Specifications 


8 bits 

DC to 20 MSPS (min) 
7 MHz (min) 

30 MHz (min) 


= Resolution 

B Conversion rate 

@ Full power bandwidth 

H Small signal bandwidth (—3 dB) 

@ Linearity error +1 LSB (max) 
@ Analog input range OV to —2V 
@ Differential gain 0.7% 
B Differential phase 0.3° 
| 700 mW 
in| +5V or +5V/—5.2V 


Power dissipation 
Power supply 


Features 

@ Drop-in replacement for TDC1038 and TDC1048 

& Pin for pin compatible with ADC304, CXA1096P and 
CXA1296P 

@ No Sample-and-Hold circuit required 

m Selectable data format 

@ Available in plastic DIP, CERDIP and PLCC 


255 to 8 


TL/H/11083-1 
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Connection Diagrams 


D1 (MSB) 
D2 
D3 
D4 


RM 
RB 
AGND 
NC 


Vin 
NC 


Voc 
Vee 
Vee 
Vee 
Vee 


Vin 
NC 


AGND 
RT 
CONV 
D8 (LSB) 
D7 


oO OnN DOD FWP os 


= 
- Oo 


TL/H/11083-2 
28-Lead CERDIP 
J Package 


28-Lead Plastic DIP 
N Package 


Ordering Information 


Commercial 
(0°C < Ta < 70°C) 


MNINV 28 
D1 (MSB) 1 
D2 2 

D3 3 

D4 4 


28-Lead Plastic Chip Carrier 


V Package 


ADC0882CCN/TDC1038N6C | N28B, 28-Pin Plastic 
ADC0882CCJ/TDC1038B6C J28A, 28-Pin CERDIP 


ADC0882CCV/TDC1038R38C | V28A, 28-Lead Plastic 
Chip Carrier f 


135 


RT 
CONV 

D8 (LSB) 
D7 

D6 

D5 

12 NLINV 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 

please contact the National Semiconductor Sales ESD Rating 500V 

Office/Distributors for availability and specifications. Soldering Temperature All Packages (10 sec) 300°C 

Supply Voltage (Vcc) —0.5V to +7.0V 

Negative Supply Voltage (Vee) +0.5V to —7.0V Operating Ratings (notes 1 & 2) 

Voltage at Logic Control Input and Outputs Temperature Range Tain < Ta < Tmax 
(Note 3) —0.5V to (Voc + 0.5V) ADC0882CCJ/TDC1038B6C O°C < Ta < +70°C 


Voltage at Analog Inputs ‘ ADCO0882CCN/TDC1038N6C 0°C < Ta < +70°C 
(Vin, Vat: Vp) (Note 3) Veg to + 0.5V ADC0882CCV/TDC1038R3C o°C < Ta < +70°C 

Vat-VrRB +2.2V Voc Voltage 4.75V to 5.25V 

Input Current at Logic Control Inputs Vee Voltage —4.75V to —5.5V 
(Note 4) +50 mA Vrt Most Positive Reference Voltage 

Applied Current at Digital Outputs (Note 6) —0.1V to 0.1V 
(Note 4) +20 mA Vrp Most Negative Reference Voltage 

Input Current at Analog Inputs (Note 6) —1.9V to —2.1V 
(Note 4) +100 mA Vat - VrB 1.8V to 2.2V 

Power Dissipation at Ta = 25°C See Note 5 Analog Input Voltage (Vin) Vrt to Vrap 


tpwL 2 19 ns, tpwH = 27 ns 


Converter Electrical Characteristics 
The following specifications apply for Voc = +5.25V, Vee = —5.5V, Vap = —2.0V, Vagnp = VpaGnp = Vat = GND, 
tpwL = 19 ns and tpwH = 27 ns unless otherwise specified. Boldface limits apply for Ta = Twin to Trax; all other limits 
Ta = 25°C. 


Typical come Units 
gti [Paemaer | coatons (Note 7) (Limit 


STATIC CHARACTERISTICS 


Integral Linearity Error %FS(Max) 


Differential Linearity Error %FS(Max) 


Code Size (Digital Output “ 

Step Size) 128 ni 

(Note 8) %LSB(Min) 
%LSB(Max) 


Bits (Min) 


Offset Error, Top Vn=Ver | | +8 | man 

Offset Error, Bottom PVvin=Vas | | =48 | mitten 

Offset Error 

+ o 

Temperature Coefficient ae es gis sid ees 
Ine Reference Current ee ee ee 
Race TotalReterence Resistance | | |i 
VIN Analog Input Vrs V(Min) 

Voltage Range Vat V(Max) 
lin Analog Input Constant 

Bias Current pple) 


CIN Analog Input Vin = VrB 
Capacitance 


pF (Max) 


Rin Analog Input Equivalent Vin = Vas kO(Min) 
Resistance 
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Converter Electrical Characteristics (continueg) 
The following specifications apply for Voc = +5.25V, Veg = —5.5V, VrBp = —2.0V, Vaanp = Vpoanp = Vat = GND, 
tpwL = 19 ns and tpwH = 27 ns unless otherwise specified. Boldface limits apply for Ta = Twin to Tpyax; all other limits 
Ta = 25°C. 


Typical ae Units 
oe pees (Note 7) (Limit 


DYNAMIC CHARACTERISTICS ' 


S/(N+D) Signal-to-Noise VIN = 2.0 Vp-p, fin = 1.248 MHz dB(Min) 
+ Distortion Ratio 10 MHz BW 
Peak-Peak Signal/RMS = 
fin = 2.438 MHz : 
S/(N+D) Signal-to-Noise VIN = 2.0 Vp.p, fin = 1.248 MHz dB(Min) 
+ Distortion Ratio 10 MHz BW 
RMS Signal/RMS Bs 
fin = 2.488 MHz ‘ 
Full Power Bandwidth Vin = 2.0 Vp-p, No Spurious MHz(Min) 
or Missing Codes 
—3 dB Small Signal Vin = —20 dB, FS = 0.2 Vp-p ; 
Bandwidth | MING 
Full Scale Transient ns(Min) 
Response 
tsto Sampling Time Offset ns(Min) 
ns(Max) 
Aperture vitter a es se 
Differential Phase Error fs = 4xNTSC | 03 | 10 | Degree(Max) 
Differential Gain Error fg = 4xNTSC or et ae | % (Max) 


DC Electrical Characteristics 

The following specifications apply for Vog = +5.25V, Veg = —5.5V, VaBp = —2.0V, Vagnp = Vpa@np = Vat = GND, 
tpwL = 19 ns and tpwH = 27 ns unless otherwise specified. Boldface limits apply for Ta = Tmin to Tmax; all other limits 
Ta = 25°C. 


Typical a Units 
sushae rane | conto (Note 7) (Limi 
Vinny | bogical1” inputvotage | || (Vy 
Vino) | bogicalo” nputvotage | || Ma 
lin(4) Logical “1” Input Current Vin = 2.4V pA(Max) 
pA(Min) 
Viv = Voo = +5.26V a 
liN() Logical ‘‘O” Input Current Vin = 0.4V | 0 mA(Max) 
VourT(1) Logical ‘‘1”” Output Voltage Voc = 4.75V, lout = —400 pA | Toe | V(Min) 
Voutio) | Logical “0” Output Voltage | Vco = 4.75V, lout = 4.0mA ff os May 
Short-Circuit Output Output High, One Pin to mA(Max) 
Current Ground, One Second Duration Max. 

C, Digital Input Capacitance f = 1 MHz a a pF (Max) 
loc Voc Supply Current (Note 9) | Ts mA(Max) 
lEE Vee Supply Current (Note 9) Lee] mA(Max) 
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AC Electrical Characteristics 

The following specifications apply for Voc = +5.25V, Vee = —5.5V, VaB = —2.0V, VagnD = Vpanp = Vat = .GND, 
tpwL = 19 ns and tpwH = 27 ns unless otherwise specified. Boldface limits apply for Ta = Tpain to Tmax: all other limits 
Ta = 25°C. 


Units 
(Limit) 


ns(Min) 


Convert (CONV) Pulse Width, High | ns(Min) 
Output Delay Voc +4.75V, Load 1, Figure 4 
Output Hold Time Load 1, Figure 4 ns(Min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 


Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 


Maximum Conversion Rate Pe MSPS(Min) 
Convert (CONV) PluseWidth, tow | 


Note 3: Applied voltage must be current limited to the specified range. 

Note 4: Forcing voltage must be limited to specified range. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), 0ya (package 
junction to ambient thermal resistance), @jc (package junction to case thermal resistance), and Ta (ambient temperature). The maximum allowable power 
dissipation at any temperature is Ppmax = (Tumax — Ta)/9ua or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, TJmax = 
175°C, and the typical thermal resistances (Oya and 0jc) of the ADC0882 follow: 


Package JA ONC 
Number °C/W °C/W 
CcCJ J28A 12 
CCN N28A 17 
CCV V28A 14 


Suffixes 


Note 6: Vay must be more positive than Vrp, and the voltage reference differential must be within the specified range. 
Note 7: Typicals are at Ta = 25°C and represent most likely parametric norm. 


Note 8: Code size is the size of the individual codes, from code transition to code transition. It is often expressed as a percentage of the ideal code size. The ideal 
code size is given by: Input Voltage Range/2N. Where N is the number of bits of resolution of the A/D converter. - 


Note 9: Worst case, all digital inputs and outputs LOW. 
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Typical Performance Characteristics 
(Ta = 25°C, Voc = +5V, Vee = —5V) 


Signal to Noise and Distortion 
Ratio vs Input Frequency 


a ES ES PS SSS fees 
EET 
TT tix 


CLOCK RATE = 20 MSPS 
INPUT SIGNAL = =0.1 dB FULL SCALE 


4° 5 67 8 
INPUT FREQUENCY = MHz 


TL/H/11083-4 


SAMPLE SAMPLE 


N#2 


ANALOG INPUT 


9 


DIGITAL OUTPUT 


TL/H/11083-5 
FIGURE 1. Timing Diagram 


TABLE I. Output Coding Table 


Offset Two’s Complement 


NLINV = Low 


01111111 
0111 1110 


input = | True | svete =| Tue Inverted 
Voltage NMINV = High NMINV = Low NMINV = Low NMINV = High 
NLINV = High NLINV = Low NLINV = High 


1000 0000 
1000 0001 


0000 0000 
0000 0001 


11111111 
11111110 


0.0000V 
—0.0078V 


—0.9922V 01114 1111 1000 0000 11111111 0000 0000 
—1.0000V 1000 0000 01111111 0000 0000 1114 1111 
—1.0078V 1000 0001 01111110 0000 0001 11111110 


e@ 
—1.9844V 11111110 0000 0001 01111110 
—1.9922V 11111111 0000 0000 0111.1111 
Note 1: NMINV and NLINV are to be considered DC controls, they may be tied to Vgc for a logic “1” or to ground for a logic “0”. 
Note 2: Voltages are code midpoints. 


1000 0001 
1000 0000 
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Simplified Input and Output Circuits 


TL/H/11083-6 


Cin is nonlinear junction capacitance 
Vrp is a voltage equal to the voltage on pin Rp 


‘ 
REFERENCE 
RESISTOR 
CHAIN 


Vee Vee Vee 


TL/H/11083-7 


FIGURE 2. Simplified Analog Input Circuits 


OUTPUT 


Vee 


TL/H/11083-8 
FIGURE 3. Simplified Digital Convert Input 
Circuit 


OUTPUT EQUIVALENT CIRCUIT MEASUREMENTS 


TL/H/11083-9 


FIGURE 4. Simplified Digital Output Circuit 


Pin Descriptions 


Vec(6,10) These are the positive digital power sup- RB(26) This pin is connected to the bottom of 
ply pins. Normally, +5 Vpc should be the reference resistor. Normally —2V is 
applied and bypassed to digital ground applied to this pin and should be by- 
with a 0.1 pF ceramic capacitor in paral- passed to analog ground with a 0.1 pF 
lel with a 10 pF tantalum capacitor. ceramic ‘capacitor in parallel with a 

VeE(7, 8,9) ; These are the negative analog power 10 pF tantalum capacitor. 
supply pins. Normally, —5 Vpc should Vin(21,23) These are the analog signal input pins. 
be applied and bypassed to analog The input signal range is from OV to 
ground with a 0.1 F capacitor in paral- —2Vv. 
lel with a 10 jF tantalum capacitor. CONV(17) A TTL convert signal is applied to this 

AGND(19, 25) These are the Analog ground pins. pin. A conversion is initiated at the rising 

DGND(5, 11) These are the Digital ground pins. edge of the signal. 

RT(18) This pin connects to the top of the refer- NMINV(28) This is the Not Most Significant Bit In- 
ence resistor. Normally this pin is con- vert pin. A TTL signal at this pin controls 
nected to AGND. the format of the output data (see Table 

RM(27) This pin is connected to the middle of I). 
the reference resistor. A voltage may be NLINV(12) This is the Not Least Significant Bit In- 
applied to this pin to trim the converter's vert pin. A TTL signal at this pin controls 
integral linearity (see Text). te format of the output data (see Table 

Di-D8 These are the output data pins. D1 out- 
(1, 2, 3, 4, puts the MSB data while D8 outputs the 
13, 14, 15, LSB Data. 

16) 


NC(20, 22, 24) No connection. 
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Application Hints 


OPERATION 


The ADC0882 has three functional sections: a resistor/ 
comparator array, encoding logic, and output registers. The 
comparator array compares the input signal with 255 refer- 
ence voltages to produce an N-of-255 code (or thermome- 
ter code, since all the comparators whose reference is more 
negative than the input signal will be at logic “1” and all 
those whose reference is more positive will be at logic “0”). 
The encoding logic converts the N-of-255 code into the us- 
er’s choice of coding. The output register holds the output 
constant between updates. 


REFERENCE 


The ADC0882 converts analog signals in the range Vag < 
Vin < Vat into digital form. The specifications of the 
ADC0882 are guaranteed with Vprz (the voltage applied to 
the top of the reference resistor chain) at 0.0V + 0.1V and 
Vre (the voltage applied to the bottom of the reference re- 
sistor chain) at —2.0V + 0.1V. 


Linearity is guaranteed with no adjustment; however, a mid- 
point tap, Rw, allows trimming of converter integral linearity 
as well as the creation of a nonlinear transfer function. Note 
that ADC0882’s integral nonlinearity is +14 LSB maximum. 
If the maximum nonlinearity occurs at midscale then the 
circuit of Figure 5 will allow the user to null out the linearity 
error at midscale. This adjustment may improve the overall 
integral linearity of the converter to less than +14 LSB. The 
characteristic impedance seen at this node is approximately 
220 and should be driven from a low-impedance source. 
Note that any load applied to this node will affect linearity, 
and any noise introduced at this point will degrade the over- 
all quantization Signal-to-Noise Ratio (SNR). Due to the 
Slight variation in the reference current with clock and input 
signals, Rt and Rg should be low-impedance-to-ground 
points. For circuits in which the reference is not varied, a 
bypass capacitor (0.01 .F to 0.1 uF) to ground is recom- 
mended. If the reference inputs are exercised dynamically 
(as in an automatic gain control circuit) a low impedance 
reference source is required. The reference voltages may 
be varied dynamically at up to 5 MHz; however, device per- 
formance is specified with fixed reference voltages as de- 
fined in the “Electrical Characteristics” tables. 


Ry} ADCO882 


TL/H/11083-10 
FIGURE 5. Optional Midscale Linearity Adjust 


ANALOG INPUT AND SOURCE 
IMPEDANCE CONSIDERATIONS 


For precise quantization, the ADC0882 uses latching com- 
parators. For optimum overall system performance the 
source impedance of the driving circuit must be less than 
250. If the input signal is between the Vat and Vpp refer- 
ences, the output will be a binary number from 0 to 255. 
When a signal outside the recommended input voltage 
range (OV to —2V) is applied, the output will remain at either 
full-scale value. The input signal will not damage the 
ADC0882 if it remains within the range specified in the ‘“Ab- 
solute Maximum Ratings” table. Both analog input pins 
(Vin) are connected together internally and therefore either 
one or both may be used. 


CONVERT 


The ADC0882 requires an external convert (CONV) signal. 
Because the ADC0882 is a flash converter it does not re- 
quire a track-and-hold circuit. A sample is taken (the outputs 
of the comparators are latched) within tsto (Sampling Time 
Offset) after a rising edge on the CONV pin. The result is 
encoded and then transferred to the output registers on the 
next rising edge. The digital output for sample N becomes 
valid tp after the rising edge of clock N + 1 and remains 
valid until tyo after the rising edge of clock N + 2. 


OUTPUT FORMAT CONTROL 


Two output format control pins, NMINV and NLINV, are pro- 
vided. These controls are for DC (i.e., steady state) use. 
They permit the output coding to be either straight binary or 
offset two’s complement, in either true or inverted sense, 
according to the “Output Coding Table”. These active low 
pins may be tied to Vcc (through a 4.7k resistor) for a logic 
1 or DGND for a logic 0. 


OUTPUTS 


The outputs of the ADC0882 are TTL compatible, capable 
of driving four low-power Schottky TTL (54/74 LS) loads or 
the equivalent. The outputs hold the previous data for a 
minimum of tyo after the rising edge of the convert signal. 


POWER SUPPLIES 


The ADC0882 operates from two supply voltages: +5.0V 
and —5.0V. A —5.2V negative power supply may be used 
with a slight increase in power dissipation. The return path 
for Icc, the current from the +5.0V supply, is DGND. The 
return path for leg, the current from the —5.0V supply, is 
AGND. All power and ground pins must be connected. By- 
pass Vcc with a 0.1 wF ceramic capacitor in parallel with a 
10 »F tantalum capacitor to the digital ground. Also bypass 
Vee with a 0.1 wF ceramic capacitor in parallel with a 10 pF 
tantalum capacitor to analog ground. 


TYPICAL INTERFACE CIRCUIT 


A typical interface circuit (Figure 6) shows a wideband oper- 
ational amplifier driving the A/D converter directly. Bipolar 
inputs to the op amp can be accommodated by adjusting 
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Application Hints (Continued) 


the offset control. A Zener diode provides a stable refer- 
ence for the offset and gain controls. All Vij pins are con- 
nected close to the device package and the input amplifier’s 
feedback loop should be closed at that point. The buffer has 
an inverting gain of two, increasing a 1 Vp.p video input 
signal to the recommended 2 Vp.p input for the ADC0882. 
Proper decoupling is recommended for all systems. 


ANALOG (G 
INPUT 


"GAIN" "OFFSET" 
2ka 2ka 
10 TURN 10 TURN 


Note 1: L1, L2—Ferrite Bead, Fair—Rite #2743001112 or equivalent. 


A variable capacitor permits amplifier optimization for either 
step response or frequency response. This may be replaced 
with a fixed value capacitor as determined by evaluation of 
the final PC board layout. 


The bottom reference voltage (Vrp) is supplied by an invert- 
ing amplifier, buffered with a PNP transistor. The transistor 
provides a low-impedance source and is necessary to sink 
the current flowing through the reference resistor chain. 


ADCO882 


D1 (MSB) 
D2 
D3 
D4 
DS 
D6 


D7 
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FIGURE 6. Typical Interface Circuit 
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General Description 


Using an innovative, patented multistep* conversion tech- 
nique, the 10-bit ADC10061, ADC10062, and ADC10064 
CMOS analog-to-digital converters offer sub-microsecond 
conversion times yet dissipate a maximum of only 235 mW. 
The ADC10061, ADC10062, and ADC10064 perform a 
10-bit conversion in two lower-resolution “flashes”, thus 
yielding a fast A/D without the cost, power dissipation, and 
other problems associated with true flash approaches. The 
ADC10061 is pin-compatible with the ADC1061 but much 
faster, thus providing a convenient upgrade path for the 
ADC1061. 


The analog input voltage to the ADC10061, ADC10062, and 
ADC 10064 is sampled and held by an internal sampling cir- 
cuit. Input signals at frequencies from dc to over 200 kHz 
can therefore be digitized accurately without the need for an 
external sample-and-hold circuit. 

The ADC10062 and ADC10064 include a “speed-up” pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 350 ns 
with only a small increase in linearity error. 

For ease of interface to microprocessors, the ADC10061, 
ADC10062, and ADC10064 have been designed to appear 
as a memory location or I/O port without the need for exter- 
nal interface logic. 


Ordering Information 


ADC10061 


Industrial (— 40°C < Ty < +85°C) 


ADC10061BlJ, ADC10061ClJ J20A Cerdip 
ADC10061BIN, ADC10061CIN N20A Molded DIP 
ADC10061BIWM, ADC10061CIWM | M20B Small Outline 


Sates (Sota s Le 


ADC10061CMJ 


ADC 10062 


Industrial (— 40°C < Ta < +85°C) 


ADC10062BlJ, ADC10062ClJ J24A Cerdip 
ADC10062BIN, ADC10062CIN N24A Molded DIP 
ADC10062BIWM, ADC10062CIWM | M24B Small Outline 


tiene sees, 


ADC10062CMJ J24A Cerdip 


*U.S. Patent Number 4918449 


ADC 10061/ADC10062/ADC 10064 10-Bit 600 ns 
A/D Converter with Input Multiplexer and Sample/Hold 


J20A Cerdip . 


Features 

@ Built-in sample-and-hold 

B Single +5V supply 

@ 1, 2, or 4-input multiplexer options 
@ No external clock required 


@ Speed adjust pin for faster conversions (ADC10062 and 
ADC10064) 


Key Specifications 


@ Conversion time to 10 bits 


600 ns typical, 

900 ns max over temperature 
800 kHz 

235 mW (max) 

+1.0 LSB (max) 


& Sampling Rate 

@ Low power dissipation 

@ Total unadjusted error 

@ No missing codes over temperature 


Applications 

@ Digital signal processor front ends 
H Instrumentation 

@ Disk drives 

& Mobile telecommunications 


ADC 10064 


Industrial (— 40°C < Ta < +85°C) 


ADC10064BlJ, ADC10064ClJ J28A Cerdip 
ADC10064BIN, ADC10064CIN N28B Molded DIP 
ADC10064BIWM, ADC10064CIWM | M28B Small Outline 


sees ee 


ADC10064CMJ J28A Cerdip 
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Absolute Maximum Ratings (notes 1, 2) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (V+ = AVcc = DVcc) —0.3V to +6V 
Voltage at Any Input or Output —0.3VtoVt + 0.3V 
Input Current at Any Pin (Note 3) 5mA 


Package Input Current (Note 3) 20 mA 
Power Dissipation (Note 4) 875 mW 
ESD Susceptability (Note 5) 2000V 
Soldering Information (Note 6) 
N Package (10 Sec) 260°C 
J Package (10 Sec) 300°C 
SO Package: 
Vapor Phase (60 Sec) 215°C 
Infrared (15 Sec) 220°C 
Storage Temperature Range —65°C to + 150°C 
Junction Temperature 150°C 


Converter Characteristics 


Operating Ratings (notes 1, 2) 

Temperature Range Twin <'Ta S Tmax 
ADC10061BlJ, ADC10061BIN, ADC10061BIWM, 
ADC10061ClJ, ADC10061CIN, ADC10061CIWM, 
ADC10062BlJ, ADC10062BIN, ADC10062BIWM, 
ADC10062ClJ, ADC10062CIN, ADC10062CIWM, 
ADC10064BlJ, ADC10064BIN, ADC10064BIWM, 
ADC10064ClJ, ADC10064CIN, 


ADC10064CIWM —40°C < Ta < +85°C 

ADC10061CMJ, ADC10062CMy, 

ADC10064CMJ —55°C < Ta < +125°C 
Supply Voltage Range 4.5V to 5.5V 


The following specifications apply for Vt = +5V, VREF(+) = +5V, VRer(—) = GND, and Speed Adjust pin unconnected 
unless otherwise specified. Boldface limits apply for Ta = Ty = Tmin to Tmax all other limits Ta = Ty = + 25°C. 


Resolution 


Integral Linearity Error 


Full-Scale Error 


Total Unadjusted Error 
(Note 3) 


Power Supply Sensitivity 


THD Total Harmonic Distortion fin = 10 kHz, 4.85 Vp_p 0.06 
fin = 160 kHz, 4.85 Vp_p 0.08 
SNR fin = 10 kHz, 4.85 Vp_p 
fin = 160 kHz, 4.85 Vp_p 
Effective Number of Bits fin = 10 kHz, 4.85 Vp_p ; 


fin = 160 kHz, 4.85 Vp.p 


Signal-to-Noise Ratio 


RREF Reference Resistance 


Vrer(+) | VREF(+) Input Voltage 
Vrer(—-) | VREF(—) !nput Voltage 


Vaer(+) | Vacr(+) Inout Voltage Pe pee ee 


Vrer(—) | VREF(—) Input Voltage 


Vin___| Input Voltage is) 


VIN Input Voltage 


OFF Channel Input Leakage Current | CS = 
ON Channel Input Leakage Current s= 


Typical Limit Units 
= ramet | cantons (Wote7) | (Notes) | (Limi 
+0.6/ + 


BlJ, BIN, BIWM Suffixes 
ClJ, CIN, CIWM, CMJ Suffixes 
Rsa = 18kO 


BlJ, BIN, BIWM Suffixes 
ClJ, CIN, CIWM, CMJ Suffixes 
All Suffixes, Rgq = 18 kO 


Missing Codes a ea ee 


V+ = 5V +5%, Vrer = 4.5V 
V+ = 5V +10%, VreF = 4.5V 


Bits 
LSB (max) 


LSB (max) 
+0.5 LSB 
hacer LSB (max) 
be sd LSB (max) 

LSB (max) 
LSB (max) 

+0.5 LSB 
a ee 

+1, LSB 
+% LSB (max) 

% 

% 

61 dB 

60 dB 

9.6 Bits 

9.4 Bits 
Peso | 400 | min) 
| es0 | 900 | a(max 
az vt + 0.05 V (max) 
a Se 
ee ee 
P| Vner+y |v (man 
P| ve +005 | vimaw 
| an — 0.05 | Vv (min) 
Vin = Vt 0.01 pA (max) 
=Vvt ag pA (max) 


DC Electrical Characteristics 
The following specifications apply for V+ = +5V, VREF(+) = 5V VReF(—) = GND, and Speed Adjust pin unconnected unless 
otherwise specified. Boldface limits apply for Ta = Ty = Tmin to Tax; all other limits Ta = Ty = +25°C. 


Typical Limit Units 
ial Parameter | cottons (Note7) | (Notes) | (Limits) 
VIN(1) Logical “1” Input Voltage Vt = 5.5V - ae ee V (min) 
ViN(o) Logical “0” Input Voltage Vt = 4,5V See ee V (max) 
lin(1) Logical “1” Input Current Vinay) = 5V | 000 | 30 | pA (max) 
lin(o) Logical ‘0” Input Current Vino) OV | 0005 | -3.0 | pA (max) 
VourT(1) Logical “1” Output Voltage Vt = 4.5V, lout = —360 pA V (min) 
Vt = 4.5V, lout = —10 pA V (min) 
VouT(0) Logical “0” Output Voltage V+ = 4.5V, lout = 1.6mA Cee ek ee V (max) 
lout TRI-STATE® Output Current Vout = 5V 0.1 pA (max) 
—0.1 pA (max) 
Dloc DVcc Supply Current 1.0 mA (max) 
1.0 mA (max) 
Alcc AVcc Supply Current mA (max) 
mA (max) 


AC Electrical Characteristics 
The following specifications apply for V+ = +5V, t, = t; = 20 ns, VREF(+) 
unconnected unless otherwise specified. Boldface limits apply for Ta = Ty 


5V, VReF(—) = GND, and Speed Adjust pin 
Twin to Tax; all other limits Ta = Ty = 


Rsa = 18k ns 


+ 25°C. 

Typical Limit Units 
oe Parmeter | contre (Note7) | Notes) | Limits) 
tconv Mode 1 Conversion Time BlJ, BIN, BIWM, Clu, CIN, 

from Rising Edge of S/H CIWM Suffixes 600 750/900 ns (max) 
to Falling Edge of INT CMJ Suffixes 600 1000 ns (max) 
375 


Mode 2 Conversion Time BlJ, BIN, BIWM, Clu, CIN, 


CIWM Suffixes 


tcrp 


850 1400 ns (max) 
CMuJ Suffixes 850 1500 ns (max) 
Mode 2, Rga = 18k ns 


tacci Access Time (Delay from Falling Mode 1; C_ = 100 pF 
Edge of RD to Output Valid) 30 ns (max) 


oi 
wo 
o 


terp + 50 ns (max) 


tacce Access Time (Delay from Falling Mode 2; CL = 100 pF 
Edge of RD to Output Valid) 


tsH Minimum Sample Time (Figure 1); (Note 9) ns (max) 
tH, tow TRI-STATE Control (Delay Ri = 1k, CL = 10 pF 
from Rising Edge of RD 30 ns (max) 
to High-Z State) 
tINTH Delay from Rising Edge of RD CL = 100 pF 
to Rising Edge of INT 28 ne (max) 
tp Delay from End of Conversion rises 
to Next Conversion 
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ADC10061/ADC 10062/ADC 10064 


AC Electrical Characteristics (Continued) 
The following specifications apply for V+ = +5V, tp = ty = 20 ns, VReF(+) = 5V, Vrer(—) = GND, and Speed Adjust pin 
unconnected unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tmax all other limits Ta = Ty = 


+ 26°C. 
= 


Multiplexer Control Setup Time 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Electrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditons. 


Note 2: All voltages are measured with respect to GND, unless otherwise specified. 


Note 3: When the input voltage (Vij) at any pin exceeds the power supply rails (Vin < GND or Vix > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tymax, @ya and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tymax — Ta)/@ya OF the number given in the Absolute Maximum Ratings, whichever is lower. In most 
cases, the maximum derated power dissipation will be reached only during fault conditions. For these devices, Tyyax for a board-mounted device can be found 
from the tables below: 


ADC 10061 ADC10062 ADC 10064 


aacow | | __ sux | asaovw aaa C6/W) 
54 48 44 


BlJ, Clu, CMJ BlJ, Clu, CMJ 
BIN, CIN 60 BIN, CIN 53 
BIWM, CIWM 82 BIWM, CIWM 78 


BlJ, Clu, CMJ 


BIN, CIN 


70 
BIWM, CIWM 85 


Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor. 


Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Typicals are at +25°C and represent must likely parametric norm. 
Note 8: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 


Note 9: Accuracy may degrade if tgy or tap is shorter than the value specified. See curves of Accuracy vs ts and Accuracy vs trp. 
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Typical Performance Characteristics 


Zero (Offset) Error Linearity Error Analog Supply Current 
vs Reference Voltage vs Reference Voltage vs Temperature 


é 
= 
2 & 
8 3 
-E 5 
3 & 
g an 

8 

2 

-55 -35-15 5 25 45 65 85 105125 
REFERENCE VOLTAGE, Vrere — VREFe (Vv) REFERENCE VOLTAGE, VREFe - Vrer= (V) AMBIENT TEMPERATURE (°C) 


Digital Supply Current Conversion Time Conversion Time 
vs Temperature vs Temperature vs Temperature 


[Mode 2| 


Baan 

Sram EL 
AVoc = DVog = 4.5V | |_| 

NS jel ae a 


L PRL! vor = DVee = 5.00 


CONVERSION TIME, topyy (ns) 
CONVERSION TIME, ton (ns) 
s 
a 
Lf 
7 | 


DIGITAL SUPPLY CURRENT, Digg (mA) 


00 400 600 
“35 “5-15 5 2 45 6 6 105 125 “55-35-15 5 25 45 65 85 105 125 55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 


Conversion Time Conversion Time 
vs Speed-Up Resistor vs Speed-Up Resistor Spectral Response with 
(ADC 10062 and ADC 10064 Only) (ADC 10062 and ADC 10064 Only) 100 kHz Sine Wave Input 


SIGNAL LEVEL (dB) 


CONVERSION TIME (ns) 
88882328328 


CONVERSION TIME (ns) 


10 20 30 40 50 60 70 8 10 20 30 40 50 60 70 80 100 150 200 250 
SPEED=UP RESISTOR, Rey (k2) SPEED=UP RESISTOR, Rg, (k0) FREQUENCY (kHz) 


Spectral Response with 
100 kHz Sine Wave Input 


100 150 200 250 
FREQUENCY (kHz) 


TL/H/11020-2 
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Typical Performance Characteristics (Continued) 


SIGNAL=TO=NOISE+THO RATIO (dB) 


Cs 
a 
”n 
—_ 

~ 
bal 
(2) 
z 
=< 
= 
o 
[a4 
3 
[24 
ao 
bu 
a 

Zz 
-! 


Signal-to-Noise + THD Ratio 
vs Signal Frequency 


Voc = Vrer = *5V 

Vin = 4-85 Vin 

Ty = 25°C 

Source Impedance = 600.0, 
Sampling Rate = 512kHz 


20k S0k 100k 


FREQUENCY (Hz) 


Linearity Change 
vs Speed-Up Resistor 


(ADC 10062 and ADC 10064 Only) 
4 


20 30 
SPEED-UP RESISTOR, Rg, (ki) 
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LINEARITY ERROR CHANGE (LSB) 


LINEARITY ERROR CHANGE (LSB) 


Linearity Change 
vs Speed-Up Resistor 


(ADC 10062 and ADC10064 Only) 
4 


0.0 


SPEED-UP RESISTOR, Rgq (ki) 


Linearity Error Change 
vs Sample Time 


KEEP 
aN 


PSEC 


“0 20 40 60 80 100 120 140 160 180 200 


SAMPLE TIME, ts (ns) 


TL/H/11020-4 


TRI-STATE Test Circuits and Waveforms 


06 
zit " 
ADC10064 OUTRUT DATA 

OUTPUT 


TL/H/11020-6 


TL/H/11020-5 


ADC10061 
DATA 
ADC10062 OUTPUT 


DC100 DATA 
: si OUTPUT 


TL/H/11020-8 


TL/H/11020-7 


so 
(ADC10062 and 
ADC10064 only) 


S1 
(ADC10064 only) 


' 
emeromoomooeomemeee & @ @ eo @ o@ @ @ @ @ @ @ @ @ @ @ @'@ 


i} 
TL/H/11020-9 
FIGURE 1. Mode 1 (tap > t;). The conversion time (tcony) is set by the internal timer. 
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Timing Diagrams (Continued) 


1) 
(ADC10062 and 
ADC10064 only) 


S1 
(ADC10064 only) 


FIGURE 2. Mode 2 (RD Mode). The conversion time (tcrp) includes the 
sampling time and is determined by the internal timer. 


Simplified Block Diagram 


AGND** 


*ADC10061 Only 
**ADC10062 and ADC10064 Only 
***ADC10064 Only 


6 Bit Flash A/D 
(6 MSBs) 


OUTPUT 
LATCH 


6 Bit DAC AND 
TRI-STATE 


BUFFERS 


4 Bit Flash A/D 
(4 LSBs) 


DGND** S/H SO** S1## 
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DB9 (MSB) 


DB8 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DB1 


DBO (LSB) 


TL/H/11020-1 


Connection Diagrams 


Dual-In-Line Package 


oo nt ow —_ Ww PP 


are 
Oo 


Top View 


O 


ADC10061 


oonrt oOo FF WwW PD 


a ok 
- Oo 


TL/H/11020-11 


—_ 
i) 


Top View 


Pin Descriptions 
DVcc, AVcc_ These are the digital and analog positive sup- 


ply voltage inputs. They should always be 
connected to the same voltage source, but 
are brought out separately to allow for sepa- 
rate bypass capacitors. Each supply pin 
should be bypassed with a 0.1 uF ceramic 
capacitor in parallel with a 10 uF tantalum 
capacitor to ground. 


This is the active low interrupt output. INT 
goes low at the end of each conversion, and 
returns to a high state following the rising 
edge of RD. 


This is the Sample/Hold control input. When 
this pin is forced low (and CS is low), it caus- 
es the analog input signal to be sampled and 
initiates a new conversion. 


This is the active low Read control input. 
When this RD and CS are low, any data pres- 
ent in the output registers will be placed on 
the data bus. 


This is the active low Chip Select control in- 
put. When low, this pin enables the RD and 
S/H pins. 

On the multiple-input devices (ADC10062 
and ADC10064), these pins select the analog 
input that will be connected to the A/D during 
the conversion. The input is selected based 
on the state of SO and S1 when S/H makes 
its High-to-Low transition (See the Timing Di- 
agrams). The ADC10064 includes both SO 
and S1. The ADC 10062 includes just SO, and 
the ADC10061 includes neither. 


ADC10062 
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Dual-In-Line Package 


Dual-In-Line Package 


ADC10064 


oon oan e- WwW PD 


TL/H/11020-12 


Vin» VINO: 
Vint Vines 
VIN3 


GND, AGND, 
DGND 


DBO-DB9 
SPEED ADJ 


TL/H/11020-13 
Top View 


These are the reference voltage inputs. They 
may be placed at any voltage between GND 
and Vcc, but VaerF+ must be greater than 
Vrer—- An input voltage equal to Vaer— 
produces an output code of 0, and an input 
voltage equal to (VaeF+ — 1 LSB) produces 
an output code of 1023. 


These are the analog input pins. The 
ADC10061 has one input (Vij), the 
ADC10062 has two inputs (Vino and Vjn3), 
and the ADC10064 has four inputs (Vino, 
Vini, Vin2 and Ving). The impedance of the 
source should be less than 5000 for best ac- 
curacy and conversion speed. For accurate 
conversions, no input pin (even one that is 
not selected) should be driven more than 
50 mV above Vcc or 50 mV below ground. 


These are the power supply ground pins. The 
ADC10061 has a single ground pin (GND), 
and the ADC10062 and ADC 10064 have sep- 
arate analog and digital ground pins (AGND 
and DGND) for separate bypassing of the an- 
alog and digital supplies. The ground pins 
should be connected to a stable, noise-free 
system ground. For the devices with two 
ground pins, both pins should be returned to 
the same potential. 


These are the TRI-STATE output pins. 


(ADC10062 and ADC10064 only). This pin is 
normally left unconnected, but by connecting 
a resistor between this pin and ground, the 
conversion time can be reduced. See the 
Typical Performance Curves and the table of 
Electrical Characteristics. 
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Functional Description 


The ADC10061, ADC10062 and ADC10064 digitize an ana- 
log input signal to 10 bits accuracy by performing two lower- 
resolution “flash” conversions. The first flash conversion 
provides the six most significant bits (MSBs) of data, and 
the second flash conversion provides the four least signifi- 
cant bits LSBs). 


Figure 3 is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1024 the resistance of the whole resis- 
tor string. These lower 16 resistors (the LSB Ladder) there- 
fore have a voltage drop of 16/1024, or 1/64 of the total 
reference voltage (VReF+ — VrReF—) across them. The re- 
mainder of the resistor string is made up of eight groups of 
eight resistors connected in series. These comprise the 
MSB Ladder. Each section of the MSB Ladder has % of the 
total reference voltage across it, and each of the LSB resis- 
tors has 1/64 of the total reference voltage across it. Tap 
points across these resistors can be connected, in groups 
of sixteen, to the sixteen comparators at the right of the 
diagram. 

On the left side of the diagram is a string of seven resistors 
connected between Vragr+ and Vrer—. Six comparators 
compare the input voltage with the tap voltages on this re- 
sistor string to provide a low-resolution “estimate” of the 
input voltage. This estimate is then used to control the multi- 
plexer that connects the MSB Ladder to the sixteen com- 
parators on the right. Note that the comparators on the left 
needn’t be very accurate; they simply provide an estimate of 
the input voltage. Only the sixteen comparators on the right 
and the six on the left are necessary to perform the initial 
six-bit flash conversion, instead of the 64 comparators that 
would be required using conventional half-flash methods. 


Vin 


ESTIMATOR DECODER 


LSB LADDER 


1/1024 


To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that Vij is between 11/16 and 13/16 of Vref. 
The estimator decoder will instruct the comparator MUX to 
connect the 16 comparators to the taps on the MSB ladder 
between 10/16 and 14/16 of Vref. The 16 comparators will 
then perform the first flash conversion. Note that since the 
comparators are connected to ladder voltages that extend 
beyond the range indicated by the estimator circuit, errors in 
the estimator as large as 1/16 of the reference voltage 
(64 LSBs) will be corrected. This first flash conversion pro- 
duces the six most significant bits of data—four bits in the 
flash itself, and 2 bits in the estimator. 


The remaining four LSBs are now determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second, 
four-bit flash conversion is then decoded, and the full 10-bit 
result is latched. 

Note that the sixteen comparators used in the first flash 
conversion are reused for the second flash. Thus, the mul- 
tistep conversion technique used in the ADC10061, 
ADC10062, and ADC10064 needs only a small fraction of 
the number of comparators that would be required for a 
traditional flash converter, and far fewer than would be used 
in a conventional half-flash approach. This allows the 
ADC10061, ADC10062, and ADC10064 to perform high- 
speed conversions without excessive power drain. 


DBO = DB9 


10 


TL/H/11020-14 


FIGURE 3. Block Diagram of the Multistep Converter Architecture 


152 


Applications Information 
1.0 MODES OF OPERATION 


The ADC10061, ADC10062, and ADC10064 have two basic 
digital interface modes. Figure 7 and Figure 2 are timing 
diagrams for the two modes. The ADC10062 and 
ADC10064 have input multiplexers that are controlled by 
the logic levels on pins Sg and S; when S/H goes low. 
Table | is a truth table showing how the input channnels are 
assigned. 


Mode 1 


In this mode, the S/H pin controls the start of conversion. 
S/H is pulled low for a minimum of 250 ns. This causes the 
comparators in the “‘coarse” flash converter to become ac- 
tive. When S/H goes high, the result of the coarse conver- 
sion is latched and the “fine” conversion begins. After 
600 ns (typical), INT goes low, indicating that the conversion 
results are latched and can be read by pulling RD low. Note 
that CS must be low to enable S/H or RD. CS is internally 
“ANDed” with S/H and RD; the input voltage is sampled 
when CS and S/H are low, and data is read when CS and 
RD are low. INT is reset high on the rising edge of RD. 


TABLE I. Input Multiplexer Programming 
ADC 10062 


ADC 10064 


ViIN3 


Mode 2 


In Mode 2, also called “RD mode”, the S/H and RD pins 
are tied together. A conversion is initiated by pulling both 
pins low. The A/D converter samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 850 ns (typical) after S/H and RD: are 
pull low, INT goes low, indicating that the conversion is 
completed. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but until 
INT goes low the data at the output pins will be the result of 
the previous Conversion. 


2.0 REFERENCE CONSIDERATIONS 


The ADC10061, ADC10062, and ADC10064 each have two 
reference inputs. These inputs, VReF+ and Vref —, are fully 
differential and define the zero to full-scale range of the 
input signal. The reference inputs can be connected to span 
the entire supply voltage range (VpeF— = OV, VrRer+ = 
Voc) for ratiometric applications, or they can be connected 
to different voltages (as long as they are between ground 
and Vcc) when other input spans are required. Reducing 
the overall Vaer span to less than 5V increases the sensi- 
tivity: of the converter (e.g., if VRer = 2V, then 1 LSB = 
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1.953 mV). Note, however, that linearity and offset errors 
become larger when lower reference voltages are used. 
See the Typical Performance Curves for more information. 
For this reason, reference voltages less than 2V are not 
recommended. 


In most applications, VaeF— will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used in the ADC10061, 
ADC10062, and ADC10064. Vaer— can be connected to a 
voltage other than ground as long as the voltage source 
connected to this pin is capable of sinking the converter’s 
reference current (12.5 mA Max @ Vref = 5V). If Varr— is 
connected to a voltage other than ground, bypass it with 
multiple capacitors. 


Since the resistance between the two reference inputs can 
be as low as 4000, the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should be by- 
passed with a 10 »F tantalum and a 0.1 pF ceramic. 


3.0 THE ANALOG INPUT 


The ADC10061, ADC10062, and ADC10064 sample the an- 
alog input voltage once every conversion cycle. When this 
happens, the input is briefly connected to an impedance 
approximately equal to 60002 in series with 35 pF. Short-du- 
ration current spikes can therefore be observed at the ana- 
log input during normal operation. These spikes are normal 
and do not degrade the converter’s performance. 


Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 5009 should be used if rated accuracy is to be 
achieved at the minimum sample time (250 ns maximum). If 
the sampling time is increased, the source impedance can 
be larger. If a signal source has a high output impedance, its 
output should be buffered with an operational amplifier. The 
operational amplifier’s output should be well-behaved when 
driving a switched 35 pF/6002, load. Any ringing or voltage 
shifts at the op amp’s output during the sampling period can 
result in conversion errors. 


Correct conversion results will be obtained for input volt- 
ages greater than GND — 50 mV and less than V+ + 
50 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than AVcc and DVcc, or 
more than 300 mV lower than GND. If an analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the IC. The sum of all the overdrive currents into 
all pins must be less than 20 mA. When the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits, some sourt of protection scheme should be 
used. A simple network using diodes and resistors is shown 
in Figure 4. 
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FIGURE 4. Typical Connection. Note the multiple bypass capacitors on the reference and power supply pins. If Vaer— 
is not grounded, it should also be bypassed to analog ground using multiple capacitors (see 5.0 “Power Supply 
Considerations”). AGND and DGND should be at the same potential. Vino is shown with an input protection network. 
Pin 17 is normally left open, but optional “speedup” resistor Rgq can be used to reduce the conversion time. 


4.0 INHERENT SAMPLE-AND-HOLD 


Because the ADC10061, ADC10062, and ADC10064 sam- 
ple the input signal once during each conversion, they are 
capable of measuring relatively fast input signals without the 
help of an external sample-hold. In a non-sampling succes- 
sive-approximation A/D converter, regardless of speed, the 
input signal must be stable to better than + 1/2 LSB during 
each conversion cycle or significant errors will result. Con- 
sequently, even for many relatively slow input signals, the 
signals must be externally sampled and held constant dur- 
ing each conversion if a SAR with no internal sample-and- 
hold is used. 


Because they incorporate a direct sample/hold control in- 
put, the ADC10061, ADC 10062, and ADC10064 are suitable 
for use in DSP-based systems. The S/H input allows syn- 
chronization of the A/D converter to the DSP system’s sam- 
pling rate and to other ADC10061s, ADC10062s, and 
ADC10064s. 


The ADC10061, ADC10062, and ADC10064 can perform 
accurate conversions of input signals with frequency com- 
ponents from DC to over 160 kHz. 


5.0 POWER SUPPLY CONSIDERATIONS 


The ADC10061, ADC10062, and ADC10064 are designed 
to operate from a +5V (nominal) power supply. There are 
two supply pins, AVcc and DVcc. These pins allow sepa- 
rate external bypass capacitors for the analog and digital 
portions of the circuit. To guarantee accurate conversions, 
the two supply pins should be connected to the same volt- 
age source, and each should be bypassed with a 0.1 mF 
ceramic capacitor in parallel with a 10 »F tantalum capaci- 
tor. Depending on the circuit board layout and other system 
considerations, more bypassing may be necessary. 
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The ADC10061 has a single ground pin, and the ADC10062 
and ADC10064 each have separate analog and digital 
ground pins for separate bypassing of the analog and digital 
supplies. The devices with separate analog and digital 
ground pins should have their ground pins connected to the 
same potential, and all grounds should be ‘“‘clean’” and free 
of noise. 


In systems with multiple power supplies, careful attention to 
power supply sequencing may be necessary to avoid over- 
driving inputs. The A/D converters power supply pins 
should be at the proper voltage before digital or analog sig- 
nals are applied to any of the other pins. 


6.0 LAYOUT AND GROUNDING 


In order to ensure fast, accurate conversions from the 
ADC10061, ADC10062, and ADC10064, it is necessary to 
use appropriate circuit board layout techniques. The analog 
ground return path should be low-impedance and free of 
noise from other parts of the system. Noise from digital cir- 
cuitry can be especially troublesome, so digital grounds 
should always be separate from analog grounds. For best 
performance, separate ground planes should be provided 
for the digital and analog parts of the system. 


All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 


Applications Information (Continued) 
7.0 DYNAMIC PERFORMANCE 


Many applications require the A/D converter to digitize AC 
signals, but conventional DC integral and differential nonlin- 
earity specifications don’t accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
ic characteristics such as signal-to-noise ratio (SNR) and 
total harmonic distortion (THD), are quantitative measures 
of this capability. 

An A/D converter’s AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. The 
resulting spectral plot might look like the ones shown in the 
typical performance curves. The large peak is the funda- 
mental frequency, and the noise and distortion components 
(if any are present) are visible above and below the funda- 
mental frequency. Harmonic distortion components appear 
at whole multiples of the input frequency. Their amplitudes 
are combined as the square root of the sum of the squares 
and compared to the fundamental amplitude to yield the 
THD specification. Typical values for THD are given in the 
table of Electrical Characteristics. 


Signal-to-noise ratio is the ratio of the amplitude at the fun- 
damental frequency to the rms value at all other frequen- 
cies, excluding any harmonic distortion components. Typical 
values are given in the Electrical Characteristics table. An 
alternative definition of signal-to-noise ratio includes the dis- 
tortion components along with the random noise to yield a 


signal-to-noise-plus-distortion ration, or S/(N + D). 

The THD and noise performance of the A/D converter will 
change with the frequency of the input signal, with more 
distortion and noise occurring at higher signal frequencies. 
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One way of describing the A/D’s performance as a function 
of signal frequency is to make a plot of “effective bits” ver- 
sus frequency. An ideal A/D converter with no linearity er- 
rors or self-generated noise will have a signal-to-noise ratio 
equal to (6.02n + 1.8) dB, where n is the resolution in bits 
of the A/D converter. A real A/D converter will have some 
amount of noise and distortion, and the effective bits can be 
found by: 


S/(N + D) (dB) — 1.8 
6.02 


where S/(N + D) is the ratio of signal to noise and distor- 
tion, which can vary with frequency. 


As an example, an ADC10061 with a 5 Vp.p, 100 kHz sine 
wave input signal will typically have a signal-to-noise-plus- 
distortion ratio of 59.2 dB, which is equivalent to 9.53 effec- 
tive bits. As the input frequency increases, noise and distor- 
tion gradually increase, yielding a plot of effective bits or 
S/(N + D) as shown in the typical performance curves. 


8.0 SPEED ADJUST 


In applications that require faster conversion times, the 
Speed Adjust pin (pin 14 on the ADC10062, pin 17 on the 
ADC10064) can significantly reduce the conversion time. 
The speed adjust pin is connected to an on-chip current 
source that determines the converter’s internal timing. By 
connecting a resistor between the speed adjust pin and 
ground as shown in Figure 4, the internal programming cur- 
rent is increased, which reduces the conversion time. As an 
example, an 18k resistor reduces the conversion time of a 
typical part from 600 ns to 350 ns with no significant effect 
on linearity. Using smaller resistors to further decrease the 
conversion time is possible as well, although the linearity 
will begin to degrade somewhat (see curves). Note that the 
resistor value needed to obtain a given conversion time will 
vary from part to part, so this technique will generally require 
some “tweaking” to obtain satisfactory results. 


n (effective) = 
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ADC10154, ADC 10158 10-Bit Plus Sign 4 ws ADCs 
with 4- or 8-Channel MUX, Track/Hold and Reference 


Features 


General Description 


The ADC10154 and ADC10158 are CMOS 10-bit plus sign 
successive approximation A/D converters with versatile an- 
alog input multiplexers, track/hold function and a 2.5V 
band-gap reference. The 4-channel or 8-channel multiplex- 
ers can be software configured for single-ended, differential 
or pseudo-differential modes of operation. 


The input track/hold is implemented using a capacitive’ ar- 
ray and sampled-data comparator. ; 
Resolution can be programmed to be 8-bit, 8-bit plus sign, 
10-bit or 10-bit plus sign. Lower-resolution conversions can 
be performed faster. 


The variable resolution output data word is read in two 


bytes, and can be formatted left justified or right justified, 


high byte first. ye 


Applications 
@ Process control 
@ Instrumentation 
w Test equipment 


ADC10158 Simplified Block Diagram 


CLK 


r 


4- or 8- channel configurable multiplexer 

Analog input track/hold function 

OV to 5V analog input range with single +5V power 
supply 

—5V to +.5V analog input voltage range with +5V sup- 
plies 

Fully tested in unipolar (single +5V supply) and bipolar 
(dual +5V supplies) operation 
Programmable resolution/speed and output'data format 
Ratiometric or Absolute voltage reference operation 

No zero or full scale adjustment required 

No missing codes over temperature 

Easy microprocessor interface 


Key Specifications 


Resolution 

Integral linearity error 

Unipolar power dissipation 
Conversion time (10-bit + sign) 
Conversion time (8-bit) 
Sampling rate (10-bit + sign) 
Sampling rate (8-bit) 

Band-gap reference 


10-bit plus sign 
+0.6 LSB (max) 
33 mW (max) 

4.4 ws (max) 

3.2 ws (max) 

166 kHz 

207 kHz 

2.5V +2.0% (max) 


iNT 


DBO (MAO) 
DBI (MA1) 
DB2 (MA2) 
DB3 (MA3) 
DB4 (MA4) 
DBS (U/S) 
pB6 (8/10) 
DB7 (L/R) 


Comparator 


ee oe 


2.5V Band-Gap 
Reference 


MUX Decode => 


Input Latch 


TL/H/11225-1 


Absolute Maximum Ratingsnotes 1 & 3) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Positive Supply Voltage (Vt = AV+ = DV+) 6.5V 
Negative Supply Voltage (V—) —6.5V 
Total Supply Voltage (V+ — V-) 13V 
Total Reference Voltage (Vaert — Vrer—) 6.6V 
Voltage at Inputs and 

Outputs 
Input Current at Any Pin (Note 4) 
Package Input Current (Note 4) 
Package Dissipation at Ta = 25°C (Note 5) 
ESD Susceptibility (Note 6) 
Soldering Information 


N Packages (10 Sec) 260°C 
J Packages (10 Sec) 300°C 


SO Package (Note 7): 
Vapor Phase (60 Sec) 215°C 
Infrared (15 Sec) 220°C 
Storage Temperature 


Ceramic DIP Packages 
Plastic DIP and SO Packages 


V- —0.38Vto Vt + 0.3V 
+5mA 
+20 mA 
500 mW 
2000V 


—65°C to + 150°C 
—40°C to + 150°C 


Electrical Characteristics 


Operating Ratings (Notes 2 & 3) 
Temperature Range TmIN < Ta < Tmax 


ADC10154BlJ, ADC10154ClJ, 

ADC10154BIN, ADC10154CIN, 

ADC10154BIWM, ADC10154CIWM, 

ADC10158BlJ, ADC10158ClJ, 

ADC10158BIN, ADC10158CIN, 

ADC10158BIWM, ADC10158CIWM —40°C < Ta < +85°C 
ADC10154CMJ, ADC10158CMJ —55°C < Tp < +125°C 


Positive Supply Voltage 
(V+ = AV+ = DVt) 
Unipolar Negative Supply 

Voltage (V—) 
Bipolar Negative Supply 
Voltage (V—) 


4.5 Voc to 5.5 Voc 
DGND 


—4.5V to —5.5V 


tian 11V 
VREF* 
VREF_ 
Vrer (VReFt — VRer~) 


AV+ + 0.05 Vpc to V- — 0.05 Voc 
AVt + 0.05 Vpc to V- — 0.05 Voc 
0.5 Voc to Vt 


The following specifications apply for Vt = AV+ = DVt = + 5.0 Vpc, Vraert = 5.000 Voc, VRerE~ = GND, V- = GND for 
unipolar operation or V- = —5.0 Vpc for bipolar operation, and fo_« = 5.0 MHz unless otherwise specified. Boldface limits 
apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. (Notes 8, 9, and 12) 


ne — 


UNIPOLAR CONVERTER AND MULTIPLEXER STATIC CHARACTERISTICS 


Unipolar Total Unadjusted 
Error (Note 13) 


Unipolar Power Supply 

Sensitivity VreFt = 4.5V 
Offset Error 

Full-Scale Error 


Integral Linearity Error 


V+ = +5V +10% 


BIJ, BIN ClJ, CIN, 
CIWM and 
’ and BIWM CMJ . 
Typical Suffixes Units 
Suffixes (Limit) 


Limits Limits 
(Note 11) (Note 11) 


(Note 10) 


LSB 
LSB (Max) 


LSB 
LSB (Max) 


LSB 
LSB (Max) 


LSB 
LSB (Max) 


LSB (Max) 
LSB (Max) 
LSB 
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Electrical Characteristics 

The following specifications apply for V+ = AV+ = DV+ = + 5.0Vpc, VReFt = 5.000 Voc, VaeF~ = GND, V7 = GND for 
unipolar operation or V- = —5.0 Vpc for bipolar operation, and fo_« = 5.0 MHz unless otherwise specified. Boldface limits 
apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. (Notes 8, 9, and 12) (Continued) 


BlJ, BIN ac ae 
CIWM and 
or and BIWM CMu Unit 
~ ypica Suffixes is 
Parameter Conditions (Note 10) Suffixes (Limit) 
Limits Limits 
(Note 11) (Note 11) 


BIPOLAR CONVERTER AND MULTIPLEXER STATIC CHARACTERISTICS 


Bipolar Integral Vrert = 5.0V 
Linearity Error 
Bipolar Full-Scale Error Vrert = 5.0V 


Bipolar Negative Full-Scale 
Error with Positive-Full 
Scale Adjusted 


Bipolar Offset Error Vrert = 5.0V 
Bipolar Total Unadjusted Vrert = 5.0V 
Error (Note 13) 


Bipolar Power Supply 
Sensitivity 
Offset Error | Vt = +5V +10% +0. + LSB (Max) 
Full-Scale Error | Vaert = 4.5V : om | LSB (Max) 
Integral Linearity Error : LSB 


Offset Error : 2 LSB (Max) 
Full-Scale Error : 2 LSB (Max) 
Integral Linearity Error 


DC Common Mode 
Error (Note 14) = Vin where 
Bipolar | +5.0V = Viy = —5.0V LSB (Max) 
Unipolar | +5.0V = Vin = OV LSB (Max) 


Reference Input Resistance kQ, (Max) 
kQ. (Max) 


Reference Input Capacitance | et 


Analog Input Voltage (V++0.05) | (V++0.05) 
(W-—0.05) | (W—-—0.05) 


Analog Input Capacitance 


7 
70 
30 [ti a8] 
Off Channel Leakage On Channel = 5V —400 
Current Off Channel = OV 
eo 


(Note 15) On Channel = OV 
Off Channel = 5V 


nA (Max) 


Electrical Characteristics 

The following specifications apply for Vt = AV+ = DV+ = + 5.0 Vpc, VReFt = 5.000 Voc, VReF~ = GND, V— = GND for 
unipolar operation or V- = —5.0 Vpc for bipolar operation, and fc_K = —5.0 MHz unless otherwise specified. Boldface limits 
apply for Ta = Ty = Twin to Tay; all other limits Ta = Ty = 25°C. (Notes 8, 9, and 12) (Continued) 


8 Typical Limits Units 
Symbol Parameter Conditions me 
: | __rarmeter | cantons | (Note 10) | (Note 11) | (Limit 


DYNAMIC CONVERTER AND MULTIPLEXER CHARACTERISTICS 


S/(N+D) Unipolar Signal-to-Noise + fin = 10 kHz, Vin = 4.85 Vp-p 
Distortion Ratio 150 kHz, Vin = 4.85 Vp-p 


S/(N+D) fin = 10 kHz, Vin = £4.85V 
fin = 150 kHz, Vin = £4.85V 


Vin = 4.85 Vp-p 200 
Vin = £4.85V 


Short Circuit Current 
AVper/At | Long-Termstabity 200 
DIGITAL AND DC CHARACTERISTICS 
VIN(1) Logical ‘1” Input Voltage ‘ V (Min) 
VINO) Logical ‘‘0” Input Voltage ‘ V (Max) 
lin(1) Logical 1” Input Current : b pA (Max) 
lin(o) Logical “0” Input Current : pA (Max) 


VouT(1) Logical “1” Output Voltage 
V (Min) 
V (Min) 


Voutio) Logical “0” Output Voltage V (Max) 


lout TRI-STATE® Output Current pA (Max) 
pA (Max) 


+Isg¢ = mA (Min) 


~'sc mA (Min) 


mA (Max) 
mA (Max) 
mA (Max) 
mA (Max) 
mA (Max) 
mA (Max) 
mA (Max) 


DI+ Digital Supply Current 
=0Hz 
Analog Supply Current 
= 0Hz 


Negative Supply Current CS = HIGH 
CS = HIGH, fork = OH2 
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Electrical Characteristics 

The following specifications apply for V+ = AV+ = DV+ = + 5.0 Voc, Vaert = 5.000 Voc, Vaerp— = GND, V- = GND 
for unipolar operation or V— = —5.0 Vpc for bipolar operation, t = ts = 3 ns and fo_« = 5.0 MHz unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tax; all other limits Ta = Ty = 25°C. (Note 16) (Continued) 


Typical Limits Units 
(Note 10) (Note 11) (Limit) 


MHz (Max) 
kHz (Min) 
% (Min) 
% (Max) 


Symbol Parameter 


— 
ie 


AC CHARACTERISTICS 


foLk Clock Frequency 


N 
° 


Clock Duty Cycle 


@ 
f°) 


1/foLk 
ps (Max) 


Conversion 8-Bit Unipolar Mode 


Titfie foLk = 5.0 MHz 


1/foLk 
ps (Max) 


8-Bit Bipolar Mode 
foLk = 5.0 MHz 


1/foLk 
ps (Max) 


10-Bit Unipolar Mode 
foLk = 5.0 MHz 


1/foLk 


10-Bit Bipolar Mode 
ps (Max) 


folk = 5.0 MHz 


1/foik 
1/foLk (Min) 
1/foik (Max) 
ps (Min) 
ps (Max) 


ns (Min) 


Acquisition Time 
(Note 17) 


foLk = 5.0 MHz 


tcr Delay between Falling Edge of 
CS and Falling Edge of RD 


tro Delay betwee Rising Edge 
RD and Rising Edge of CS 

tow Delay between Falling Edge 
of CS and Falling Edge of WR 


two Delay between Rising Edge 
of WR and Rising Edge of CS 


ns (Min) 
ns (Min) 


ns (Min) 
trw Delay between Falling Edge _ 

of RD and Falling Edge of WR 
tw(Wr) WR Pulse Width 

Data Set-Up Time 

Data Hold Time 


Delay from Rising Edge 
of WR to Rising Edge RD 


ns (Min) 


ie) 
oa 


ns (Min) 
ns (Max) 


ns (Max) 


ns (Min) 


tacc Access Time (Delay from Falling C_ = 100 pF 
Edge of RD to Output Data Valid) 


Ne) 
oa 


ns (Max) 


tw tri Delay from Falling Edge CL = 100 pF 
of WR or RD to Reset of INT 


ye) 
a 


ns (Max) 
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Electrical Characteristics 

The following specifications apply for V+ = AV+ = DV+ = + 5.0 Voc, Vaert = 5.000 Voc, Vaep— = GND, V~ = GND 
for unipolar operation or V- = —5.0 Vpcg for bipolar operation, t- = ts = 3 ns and fo_K = 5.0 MHz unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tyay; all other limits Ta = Ty = 25°C. (Note 16) (Continued) 


Typical Limits Units 


Parameter are 
(Note 10) (Note 11) (Limit) 


AC CHARACTERISTICS (Continued) 


t1H, tou TRI-STATE Control (Delay from CL = 10 pF, RE = 1k, 
Rising Edge of RD to Hi-Z State) 


Delay between Successive ns (Min) 
RD Pulses 


Delay between Last Rising Edge 
of RD and the Next Falling ns (Min) 
Edge of WR 


Capacitance of Logic Inputs 
Capacitance of Logic Outputs 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 


Note 3: All voltages are measured with respect to GND, unless otherwise specified. 


Note 4: When the input voltage (Vij) at any pin exceeds the power supplies (Vij < V— or Vin > AV*+ or DV*), the current at that pin should be limited to 5 mA. 
The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax, 9yq and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tjmax — Ta)/@yja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 150°C. The typical thermal resistance (6a) of these parts when board mounted follow: ADC 10154 with BIN and CIN suffixes 65°C/W, ADC10154 
with BlJ, ClJ and CMJ suffixes 49°C/W, ADC10154 with BIWM and CIWM suffixes 72°C/W, ADC10158 with BIN and CIN suffixes 59°C/W, ADC10158 with Blu, Clu, 
and CMJ suffixes 46°C/W, ADC10158 with BIWM and CIWM suffixes 68°C/W. 


Note 6: Human body model, 100 pF capacitor discharged through a 1.5 kf resistor. 

Note 7: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any post-1986 National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 

Note 8: Two on-chip diodes are tied to each analog input as shown below. They will forward-conduct for analog input voltages one diode drop below ground or 


TO INTERNAL 


Analog Inputs CHO-CH7 CIRCUITRY 


TL/H/11225-4 


one diode drop greater than V+ supply. Be careful during testing at low V+ levels (4.5V), as high level analog inputs (5V) can cause an input diode to conduct, 
especially at elevated temperatures, which will cause errors for analog inputs near full-scale. The specification allows 50 mV forward bias of either diode; this 
means that as long as the analog Vij does not exceed the supply voltage by more than 50 mV, the output code will be correct. Exceeding this range on an 
unselected channel will corrupt the reading of a selected channel. This means that if AV+ and DV+ are minimum (4.5 Vpc) and V~ is a maximum (—4.5 Vpc) full 
scale must be < £4.55 Voc. 
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Electrical Characteristics (Continued) 


Note 9: A diode exists between AV+ and DV*+ as shown below. 


TO INTERNAL 
ay" CIRCUITRY 


TO INTERNAL 
ov" CIRCUITRY 


TL/H/11225-5 
To guarantee accuracy, it is required that the AV+ and DV+ be connected together to a power supply with separate bypass filter at each Vt pin. 
Note 10: Typicals are at Ty) = Ta = 25°C and represent most likely parametric norm. 
Note 11: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 
Note 12: One LSB is referenced to 10 bits of resolution. 
Note 13: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 
Note 14: For DC Common Mode Error the only specification that is measured is offset error. 
Note 15: Channel leakage current is measured after the channel selection. 
Note 16: All the timing specifications are tested at the TTL logic levels, Vj. = 0.8V for a falling edge and Vj = 2.0V for a rising. 
Note 17: If the rising edge of WR is synchronous with the clock the acquisition time is a fixed number of clock periods. 


Ordering Information 


Industrial — 40°C < Ta < 85°C 
ADC10154BIJ, ADC10154ClJ J24A 
ADC10154BIN, ADC10154CIN N24A 


ADC10154BIWM, ADC10154CIWM M24B 
ADC10158BlJ, ADC10158ClJ J28A 
ADC10158BIN, ADC10158CIN N28B 


ADC10158BIWM, ADC10158CIWM M28B 


Military —55°C < Ta < 125°C 
ADC10154CMJ J24A 
ADC10158CMJ J28A 
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Electrical Characteristics (continued) 


011,1111,1111 (+1023) 


011,1111,1110 (#1022) POSITIVE 
FULL-SCALE 


TRANSITION 


¢ 
ZERO TRANSITION 7 
¢ 


000,0000,0010 (2) 

000,0000,0001 (1) 

000,0000,0000 (0) 
111,1111,1111 (-1) 
111,1111,1110 (-2) 


OUTPUT CODE 


“Tie 100,0000,0001 (-1023) 
NEGATIVE 100,0000,0000 (-1024) 
FULL-SCALE 


TRANSITION TL/H/11225-6 


FIGURE 1A. Transfer Characteristic 


=> 
a 
a) 
=) 
~S 
a 
oO 
e 
~ 
tJ 


LINEARITY LINEARITY FULL-SCALE 
ERROR 
FULL-SCALE 


NEGATIVE INPUT RANGE POSITIVE INPUT RANGE 


NEGATIVE 
FULL-SCALE ERROR 
WITH POSITIVE 
FULL-SCALE ADJUST 


OUTPUT CODE 
(from -1024 to +1023) 


TL/H/11225-7 
FIGURE 1B. Simplified Error Curve vs Output Code 
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Typical Converter Performance Characteristics 
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DIAGRAM 1. Starting a Conversion with New MUX Channel and Output Configuration 


CLK + 2 
(internal) 


DBO-DB7 sae ipeesosee ees eee eee eee 


——_—_—_—_—— 


Analog 


Input — ah 


Hold 
Capacitor 


——————== 
Voltage SS east 


(Internal) 
TL/H/11225-16 
DIAGRAM 2. Starting a Conversion without Changing the MUX Channel or Output Configuration 


167 


8SLOLOGV/PSlLOLOGV 


ADC10154/ADC 10158 


Timing Diagrams (Continued) 
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Connection Diagrams 


Dual-In Line and SO Packages 


DBO (MAO) 

DB1 (MA1) 

DB2 (MA2) 
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DB4 

DBS (U/S) 

DB6 (8/10) 
DB7 (L/R) 
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TL/H/11225-2 
Top View 
Order Number ADC 10154 
NS Package Numbers 
J24A, M24B or N24A 


1.0 Pin Descriptions 


AVt 


This is the positive analog supply. This pin 
should be bypassed with a 0.1 pF ceramic ca- 
pacitor and a 10 pF tantalum capacitor to the 
system analog ground. 

This is the positive digital supply. This supply 
pin also needs to be bypassed with 0.1 wF ce- 
ramic and 10 pF tantalum capacitors to the 
system digital ground. AV+ and DV* should 
be bypassed separately and tied to same pow- 
er supply. 

This is the digital ground. All logic levels are 
referred to this ground. 


This is the negative analog supply. For unipolar 
operation this pin may be tied to the system 
analog ground or to a negative supply source. 
It should not go above DGND by more than 
50 mV. When bipolar operation is required, the 
voltage on this pin will limit the analog input’s 
negative voltage level. In bipolar operation this 
supply pin needs to be bypassed with 0.1 uF 
ceramic and 10 pF tantalum capacitors to the 
system analog ground. 

These are the positive and negative reference 
inputs. The voltage difference between VrgFt 
and Vrer~ will set the analog input voltage 
span. 

This is the internal band-gap voltage reference 
output. For proper operation of the voltage ref- 
erence, this pin needs to be bypassed with a 
330 pF tantalum or electrolytic capacitor. 

This is the chip select input. When a logic low is 
applied to this pin the WR and RD pins are 
enabled. 
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Order Number ADC 10158 
NS Package Numbers 
J28A, M28B or N28B 


This is the read control input. When a logic low 
is applied to this pin the digital outputs are en- 
abled and the INT output is reset high. 


This is the write control input. The rising edge 
of the signal applied to this pin selects the mul- 
tiplexer channel and starts the acquisition win- 
dow, which is then followed by a conversion. 


This is the interrupt output. A logic low at this 
output indicates the completion of a conver- 
sion. 


This is the clock input. The clock frequency di- 
rectly controls the duration of the conversion 
time (for example, in the 10-bit bipolar mode 
tc = 22/fcLk) and the acquisition time (ta = 6 
to 8 clock cycles). 

These are the digital data inputs/outputs. DBO 
is the least significant bit of the digital output 
word; DB7 is the most significant bit in the digi- 
tal output word (see the Output Data Configura- 
tion table). MAO through MA4 are the digital 
inputs for the multiplexer channel selection 
(see the Multiplexer Addressing tables). U/S 
(Unsigned/Signed), 8/10, (8/10-bit resolution) 
and L/R (Left/Right justification) are the digital 
input bits that set the A/D’s output word format 
and resolution (see the Output Data Configura- 
tion table). The conversion time is modified by 
the chosen resolution (see Electrical AC Char- 
acteristics table). The lower the resolution, the 
faster the conversion will be. 


These are the analog input multiplexer chan- 
nels. They can be configured as single-ended 
inputs, differential input pairs, or pseudo-differ- 
ential inputs (see the Multiplexer Addressing 
tables for the input polarity assignments). 
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2.0 Functional Description 


The ADC10154 and ADC10158 use successive approxima- 
tion to digitize an analog input voltage. Additional logic has 
been incorporated in the devices to allow for the programm- 
ability of the resolution, conversion time and digital output 
format. A capacitive array and a resistive ladder structure 
are used in the DAC portion of the A/D converters. The 
structure of the DAC allows a very simple switching scheme 
to provide a very versatile analog input multiplexer. Also, 
inherent in this structure is a sample/hold. A 2.5V CMOS 
band-gap reference is also provided on the ADC10154 and 
ADC10158. 


2.1 DIGITAL INTERFACE 


The ADC10154 and ADC10158 have eight digital outputs 
(DBO-—DB8) and can be easily interfaced to an 8-bit data 
bus. Taking CS and WR low simultaneously will strobe the 
data word on the data-bus into the input latch. This word will 
be decoded to determine the multiplexer channel selection, 
the A/D conversion resolution and the output data format. 
The following table shows the input word data-bit assign- 


MUX Address Control 


Input Data 


DBO through DB4 are assigned to the multiplexer address 
data bits zero through four (MAO-—MA4). Tables II and III 
describe the multiplexer address assignment. DB5 selects 
unsigned or signed (U/S) operation. DB6 selects 8- or 10-bit 
resolution. DB7 selects left or right justification of the output 
data. Refer to Table | for the effect the Control Input Data 
has on the digital output word. The rising edge of WR starts 
the acquisition window, which lasts for 6 to 8 external clock 
periods. If the WR rising edge is synchronous with an exter- 
nal clock edge then the acquisition window will always be a 
constant number of external clock periods. At the end of the 
acquisition window the analog input voltage is held and the 
conversion sequence starts. The length: of time that the 
conversion sequence (tc) takes is dependent on the resolu- 
tion programmed. The lower the resolution, the shorter tc is. 
Upon completion of the conversion, INT goes low to signal 
the A/D conversion result is ready to be read. Taking CS 
and RD low will enable the digital output buffer and put byte 
1 of the conversion result on DBO through DB7. The falling 


Start a Conversion with 
new MUX assignment and 
output data format 


DBO-DB7 


Start a Conversion with 
old MUX assignment and 
output data format 


Output first Qutput 2nd 
byte of data byte of data 


edge of RD resets the INT output high. Taking CS and RD 
low a second time will put byte 2 of the conversion result on 
DB7-DBO. Table | defines the DBO-DB7 assignement for 
different Control Input Data. The second read does not have 
to be completed before a new conversion is started. 


Taking CS, WR and RD low simultaneously will start a con- 
version without changing the multiplexer channel assign- 
ment or output configuration and resolution. The timing dia- 
gram in Figure 2 shows the sequence of events that imple- 
ment this function. Refer to Diagrams 1, 2, and 3 in the 
Timing Diagrams section for the timing constraints that must 
be met. 


2.2 ARCHITECTURE 


Before a conversion is started, during the analog input sam- 
pling period, the sampled data comparator is zeroed. As the 
comparator is being zeroed the channel assigned to be the 
positive input is connected to the A/D’s input capacitor. 
(See the Digital Interface section for a description of the 
assignment procedure.) This charges the input 32C capaci- 
tor of the DAC to the positive analog input voltage. The 
switches shown in the DAC portion of the detailed block 
diagram are set for this zeroing/acquisition period. The volt- 
age at the input and output of the comparator are at equilib- 
rium at this point in time. When the conversion is started the 
comparator feedback switches are opened and the 32C in- 
put capacitor is then switched to the assigned negative in- 
put voltage. When the comparator feedback switch opens a 
fixed amount of charge is trapped on the common plates of 
the capacitors. The voltage at the input of the comparator 
moves away from equilibrium when the 32C capacitor is 
switched to the assigned negative input voltage, causing the 
output of the comparator to go high (‘‘1’’) or low (‘0’). The 
SAR next goes through an algorithm, controlled by the out- 
put state of the comparator, that redistributes the charge on 
the capacitor array by switching the voltage on one side of 
the capacitors in the array. The objective of the SAR algo- 
rithm is to return the voltage at the input of the comparator 
as close as possible to equilibrium. 


The switch position information at the completion of the 
successive approximation routine is a direct representation 
ofthe digital output. This information is then manipulated by 
the Digital Output decoder to the programmed format. The 
reformatted data is then available to be strobed onto the 
data bus (DBO-DB7) via the digital output buffers by taking 
CS and RD low. 


Start a Conversion with 
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FIGURE 2. Starting a Conversion without Updating the Channel Configuration, Resolution, or Data Format 


3.0 Applications Information 
3.1 MULTIPLEXER CONFIGURATION 


The design of these converters utilizes a sampled-data 
comparator structure which allows a differential analog input 
to be converted by the successive approximation routine. 


The actual voltage converted is always the difference be- 
tween an assigned “+” input terminal and a “—” input ter- 
minal. The polarity of each input terminal or pair of input 
terminals being converted indicates which line the converter 
expects to be the most positive. If the assigned “+” input is 
less than the ‘“‘—” input the converter responds with an all 
zeros output code when configured for unsigned operation. 
When configured for signed operation the A/D responds 
with the appropriate output digital code. 


A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 
ended, or pseudo-differential. Figure 3 shows the three 
modes using the 4-channel MUX of the ADC10154. The 
eight inputs of the ADC10158 can also be configured in any 
of the three modes. The single-ended mode has CHO-CH3 
assigned as the positive input with the negative input being 
the VpeF— of the device. In the differential mode, the 
ADC10154 channel inputs are grouped in pairs, CHO with 
CH1 and CH2 with CHS. The polarity assignment of each 
channel in the pair is interchangeable. Finally, in the pseu- 
do-differential mode CHO-CH2 are positive inputs referred 
to CH3 which is now a pseudo-ground. This pseudo-ground 
input can be set to any potential within the input common- 
mode range of the converter. The analog signal conditioning 
required in transducer-based data acquisition systems is 
significantly simplified with this type of input flexibility. One 
converter package can now handle ground-referred inputs 
and true differential inputs as well as signals referred to a 
specific voltage. 


The analog input voltages for each channel can range from 
50 mV below V~ (typically ground for unipolar operation or 
— 5V for bipolar operation) to 50 mV above V+ = DV+ = 
AV* (typically 5V) without degrading conversion accuracy. 
If the voltage on an unselected channel exceeds these lim- 
its it may corrupt the reading of the selected channel. 


3.2 REFERENCE CONSIDERATIONS 


The voltage difference between the Vaer+ and VpeF— in- 
puts defines the analog input voltage span (the difference 
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FIGURE 3. Analog Input Multiplexer Options 


between Vjj(Max) and Vjy(Min)) over which the 29 (where n 
is the programmed resolution) possible output codes apply. 
In the pseudo-differential and differential modes the actual 
voltage applied to VRer+ and Vaer— can lie anywhere be- 
tween the AVt and V-. Only the difference voltage is of 
importance. When using the single-ended multiplexer mode 
the voltage at Vaer— has a dual function. It simultaneously 
determines the “zero” reference voltage and, with Vrert, 
the analog voltage span. 


The value of the voltage on the Vaert or Vref inputs 
can be anywhere between AV+ + 50 mV and V- 
— 50 mV, so long as VreF* is greater than Vagr—. The 
ADC10154 and ADC10158 can be used in either ratiometric 
applications or in systems requiring absolute accuracy. The 
reference pins must be connected to a voltage source Capa- 
ble of driving the minimum reference input resistance of 
4.5 ko. 


The internal 2.5V bandgap reference in the ADC10154 and 
ADC10158 is available as an output on the VaggFOut pin. To 
ensure optimum performance this output needs to be by- 
passed to ground with 330 uF aluminum electrolytic or tan- 
talum capacitor. The reference output is unstable with ca- 
pacitive loads greater than 100 pF and less than 100 pF. 
Any capacitive loads <100 pF or >100 pF will not cause 
the reference to oscillate. Lower output noise can be ob- 
tained by increasing the output capacitance. The 330 pF 
capacitor will yield a typical noise floor of 200 nVrms/ Hz. 
The 2.5V reference output is referred to the negative supply 
pin (V—). Therefore, the voltage at VaerOut will always be 
2.5V greater than the voltage applied to V-. Applying this 
voltage to Vaert with Vper~ tied to V- will yield an ana- 
log voltage span of 2.5V. In bipolar operation the voltage at 
VagFOut will be at —2.5V when V~ is tied to —5V. For the 
single-ended multiplexer mode the analog input voltage 
range will be from —5V to —2.5V. The pseudo-differential 
and differential multiplexer modes allow for more flexibility in 
the analog input voltage range since the “zero” reference 
voltage is set by the actual voltage applied to the assigned 
negative input pin. The drawback of using the internal refer- 
ence in the bipolar mode is that any noise on the —5V tied 
to the V— pin will affect the conversion result. The bandgap 
reference is specified and tested in unipolar operation with 
V— tied to the system ground. 
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3.0 Applications Information (Continued) 


a. Ratiometric Using the Internal Reference 
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FIGURE 4. Different Reference Configurations 


In a ratiometric system (Figure 4a), the analog input voltage 
is proportional to the voltage used for the A/D reference. 
This voltage may also be the system power supply, so 
Vaert can also be tied to AVt. This technique relaxes the 
stablity requirements of the system reference as the analog 
input and A/D reference move together maintaining the 
same output code for a given input condition. 


For absolute accuracy (Figure 4b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time- and temperature-stable voltage 
source that has excellent initial accuracy. The LM4040 and 
LM185 references are suitable for use with the ADC10154 
and ADC10158. 


The minimum value of Vaer (VReF = VREF* — VREF) 
can be quite small (see Typical Performance Characteris- 
tics) to allow direct conversion of transducer outputs provid- 
ing less than a 5V output span. Particular care must be tak- 
en with regard to noise pickup, circuit layout and system 
error voltage sources when operating with a reduced span 
due to the increased sensitivity of the converter (1 LSB 
equals VaeF/2"). 


3.3 THE ANALOG INPUTS 


Due to the sampling nature of the analog inputs, at the clock 
edges short duration spikes of current will be seen on the 
selected assigned negative input. Input bypass capacitors 
should not be used if the source resistance is greater than 


1 kO. since they will average the AC current and cause an 
effective DC current to flow through the analog input source 
resistance. An op amp RC active lowpass filter can provide 
both impedance buffering and noise filtering should a high 
impedance signal source be required. Bypass capacitors 
may be used when the source impedance is very low with- 
out any degradation in performance. 


In a true differential input stage, a signal that is common to 
both “+” and “—” inputs is cancelled. For the ADC10154 
and ADC10158, the positive input of a selected channel pair 
is only sampled once before the start of a conversion during 
the acquisition time (ta). The negative input needs to be 
stable during the complete conversion sequence because it 
is sampled before each decision in the SAR sequence. 
Therefore, any AC common-mode signal present on the an- 
alog inputs will not be completely cancelled and will cause 
some conversion errors. For a sinusoid common-mode sig- 
nal this error is: 


Verror(Max) = Vpgeak (27fcm)(tc) 
where fcy is the frequency of the common-mode signal, 
VPEAK is its peak voltage value, and tc is the A/D’s maxi- 
mum conversion time (t¢ = 22/fo_k for 10-bit plus sign 
resolution). For example, for a 60 Hz common-mode signal 
to generate a 1/4 LSB error (1.24 mV) with a 4.5 pS conver- 
sion time, its peak value would have to be approximately 
731 mV. > i 


3.4 OPTIONAL ADJUSTMENTS 


3.4.1 Zero Error 


The zero error of the A/D converter relates to the location 
of the first riser of the transfer function (see Figure 7) and 
can be measured by grounding the minus input and applying 
a small magnitude positive or negative voltage to the plus 
input. Zero error is the difference between actual DC input 
voltage which is necessary to just cause an output digital 
code transition from 000 0000 0000 to 000 0000 0001 (10- 
bits plus sign) and the ideal 14 LSB value (4% LSB = 2.44 
mV for VpeF = + 5.000V and 10-bit plus sign resolution). 


The zero error of the A/D does not require adjustment. If 
the minimum analog input voltage value, Vin(Min), is not 
ground, the effetive “zero” voltage can be adjusted to a 
convenient value. The converter can be made to output an 
all zeros digital code for this minimum input voltage by bias- 
ing any minus input to Vix(Min). This is useful for either the 
differential or pseudo-differential input channel configura- 
tions. 


3.4.2 Full-Scale 


The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 114 LSB down from the desired 
analog full-scale voltage range and then adjusting the Vaer 
voltage (VRe-F = VrRert — VpreF-) for a digital output 
code changing from 011 1111 1110 to 011 11114 1111. In 
bipolar signed operation this only adjusts the positive full 
scale error. The negative full-scale error will be as specified 
in the Electrical Characteristics after a positive full-scale ad- 
justment. 


3.0 Applications Information (continuea) 
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3.4.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 


If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A plus input voltage which 
equals this desired zero reference plus 1% LSB (where the 
LSB is calculated for the desired analog span, using 1 LSB 
= analog span/2N, n being the programmed resolution) is 
applied to selected plus input and the zero reference volt- 
age at the corresponding minus input should then be adjust- 
ed to just obtain the 000y¢y to 001}HEx code transition. 


The full-scale adjustment should be made [with the proper 
minus input voltage applied] by forcing a voltage to the plus 
input which is given by: 


(VMAX — =| 
an 

where Vax equals the high end of the ananlog input range, 
VamiIN equals the low end (the offset zero) of the analog 
range and n equals the programmed resolution. Both VMAX 
and Vin are ground referred. The VaEr (VReEF = Vrert 
— VreEF~) voltage is then adjusted to provide a code 
change from 2FEyEx to 2FFy¢y. Note, when using a pseu- 
do-differential or differential multiplexer mode where Vrert 
and VrReF— are placed within the V+ and V— range, the 
individual values of Vaer+ and VreF do not matter, only 
the difference sets the analog input voltage span. This com- 
pletes the adjustment procedure. 


3.5 INPUT SAMPLE-AND-HOLD 


The ADC10154/8’s sample/hold capacitor is implemented 
in the capacitor array. After the channel address is loaded, 
the array is switched to sample the selected positive analog 
input. The rising edge of WR loads the multiplexer address- 
ing information. The sampling period for the assigned posi- 
tive input is maintained for the duration of the acquisition 
time (ta), i.e., approximately 6 to 8 clock cycles after the 
rising edge of WR. 

An acquisition window of 6 clock cycles is available to allow 
the voltage on the capacitor array to settle to the positive 
analog input voltage. Any change in the analog voltage ona 
selected positive input before or after the acquisition win- 
dow will not effect the A/D conversion result. 


In the simplest case, the array’s acquisition time is deter- 
mined by the Ron (9 kQ) of the multiplexer switches, the 
stray input capacitance Cs; (3.5 pF) and the total array (C,) 
and stray (Cg9) capacitance (C, + Csgo = 48 pF). Fora 
large source resistance the analog input can be modeled as 
an RC network as shown in Figure 5. The values shown 
yield an acquisition time of about 3 pS for 10-bit unipolar or 
10-bit plus sign bipolar accuracy with a zero-to-full-scale 
change in the input voltage. External source resistance and 
capacitance will lengthen the acquisition time and should be 
accounted for. Slowing the clock will lengthen the acquisi- 
tion time, thereby allowing a larger external source resist- 


Vin(+) fs adj = Vax — 1.5 
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TL/H/11225-23 
FIGURE 5. Analog Input Model 


The curve “Signal to Noise Ratio vs. Output Frequency” 
(Figure 6) gives an indication of the usable bandwidth of the 
ADC10154/ADC10158. The signal-to-noise ratio of an ideal 
A/D is the ratio of the RMS value of the full scale input 
signal amplitude to the value of the total error amplitude 
(including noise) caused by the transfer function of the A/D. 
An ideal 10-bit plus sign A/D converter with a total unadjust- 
ed error of 0 LSB would have a signal-to-noise ratio of about 
68 dB, which can be derived from the equation: 


S/N = 6.02(n) + 1.8 


where S/N is in dB and n is the number of bits. Figure 2 
shows the signal-to-noise ratio vs. input frequency of a typi- 
cal ADC10154/ADC10158 with 1/4 LSB total unadjusted er- 
ror. The dotted lines show signal-to-noise ratios for an ideal 
(noiseless) 10-bit A/D with 0 LSB error and an A/D with a 1 
LSB error. 
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SNR vs Input Frequency 


10-Bit Resolution Bil! ideal 10-Bit A/D 
ee = es 


Hill 
AQ | 10-Bit A/D ith +1 LSB All lll 


Total Unadjusted Error 8-Bit Resolution 


70 


60 


50 


SIGNAL-to-NOISE RATIO (dB) 


100 


INPUT FREQUENCY (kHz) 
TL/H/11225-24 
FIGURE 6. ADC10154/ADC10158 
Signal-to-Noise Ratio vs Input Frequency 


The sample-and-hold error specifications are included in the 
error and timing specifications of the A/D. The hold step 
and gain error sample/hold specs are included in the 
ADC10154/ADC10158’s total unadjusted, linearity, gain 
and offset error specifications, while the hold settling time is 
included in the A/D’s maximum conversion time specifica- 
tion. The hold droop rate can be thought of as being zero 
since an unlimited amount of time can pass between a con- 
version and the reading of data. The data is lost after a new 
conversion has been completed. 


3.0 Applications Information (continued) 


Protecting the Analog Inputs 


ADC 10154 
ADC10158 


(R1 + R2)//R3 < 1k 


Note 1: Diodes are 1N914. 


ADC 10154 
ADC 10158 


Note 2: The protection diodes should be able to withstand the output current of the op amp under current limit. 


Zero-Shift and Span-Adjust for Signed or Unsigned, Unipolar, Single-Ended 
Multiplexer Assignment, Analog Input Range of 2V < Vy < 4.5V 


© Voc (SVpq #5%) 


ADC10154 
ADC10158 


- + 
Veer rer 


1/2 of LM611 
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1/2 of LM611 


*1% resistors 


TL/H/11225-25 


TL/H/11225-26 
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and Track/Hold Function 


General Description 

The ADC1031, ADC1034 and ADC1038 are 10-bit succes- 
sive approximation A/D converters with serial I/O. The seri- 
al input, for the ADC1034 and ADC1038, controls a single- 
ended analog multiplexer that selects one of 4 input chan- 
nels (ADC1034) or one of 8 input channels (ADC1038). The 
ADC1034 and ADC1038 serial output data can be config- 
ured into a left- or right-justified format. 

An input track/hold is implemented by a capacitive refer- 
ence ladder and sampled-data comparator. This allows the 
analog input to vary during the A/D conversion cycle. 
Separate serial |/O and conversion clock inputs are provid- 
ed to facilitate the interface to various microprocessors. 


Applications 
g Engine control 
@ Process control 
@ Instrumentation 
w@ Test equipment 


Connection Diagrams 


ADC1031 


TL/H/10556-—4 
Top View 


ADC1031 In NS Package NO8E 


on ounrkunnre = 


Ordering Information 


ADC1031/ADC1034/ADC1038 10-Bit Serial 
1/O A/D Converters with Analog Multiplexer 


SS OSS 


Dual-In-Line and SO Packages 


ADC1034 


Top View 


ADC1034 In NS Packages 
Ji6A, M16B or N16E 


Industrial — 40°C < Ta < +85°C 


ADC1038BIWM, ADC1038CIWM 
Military —55°C < Ta < + 125°C 


Features 

B Serial |1/O (MICROWIRE™ compatible) 

m Separate asynchronous converter clock and serial data 
1/O clock 

@ Analog input track/hold function 

& Ratiometric or absolute voltage referencing 

w No zero or full scale adjustment required 

m OV to 5V analog input range with single 5V power 
supply 

 TTL/MOS input/output compatible 

m@ No missing codes 


Key Specifications 


@ Resolution 10 bits 


@ Total unadjusted error +% LSB and +1 LSB (max) 
w Single supply 5V +5% 
Power dissipation 20 mW (max) 


ww Max. conversion time (f¢ = 3 MHz) 
@ Serial data exchange time (fg = 1 MHz) 


13.7 ws (max) 
10 ys (max) 


ADC1038 


oOntonounr wre 


TL/H/10556-3 


oO 


TL/H/10556-2 
Top View 


ADC1038 In NS Packages 


J20A, M20B or N20A 


N16E 


M20B 


J20A 
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Absolute Maximum Ratings (notes 1 & 3) Operating Ratings (notes 2.8 3) 


If Military/Aerospace specified devices are required, Temperature Range TMIN < Ta < Tuax 
please contact the National Semiconductor Sales ADC1031BIN, ADC1031CIN, —40°C < Ta < +85°C 
Office/Distributors for availability and specifications. ADC1034BlJ, ADC1034Clu, 

Supply Voltage (Vcc) 6.5V ADC1034BIN, ADC1034CIN, 

Voltage at Inputs and Outputs —0.3V to Voc + 0.3V ADC1034BIWM, ADC1034CIWM, 


ADC1038BlJ, ADC1038Clu, 


Input Current at Any Pin (Note 4) +5mA ADC1038BIN, ADC1038CIN 
Package Input Current (Note 4) +20mA ADC1 O38BIWM, ADC1 O38CIWM 
Package Dissipation ADC1034CMJ, ADC1038CMJ —55°C < Ta < +125°C 
at Ta = 25°C (Note 5) 500 mw Supply Voltage (Vcc) 4.75 Vc to 5.25 Voc 
ESD Susceptability (Note 6) 2000V Reference Voltage 
Soldering Information (VREF = VrReFt — Vrer~) 2.0 Voc to Voc + 0.05V 
N Package (10 sec.) 260°C 
J Package (10 sec.) 300°C 
SO Package (Note 7): 
Vapor Phase (60 sec.) 215°C 
Infrared (15 sec.) 220°C 
Storage Temperature —65°C to + 150°C 


Electrical Characteristics 
The following specifications apply for Voc = +5.0V, Veer = +4.6V, fg = 700 kHz, and fo = 3 MHz unless otherwise 
specified. Boldface limits apply for Ta = Ty = Tin to Tax; all other limits Ta = Ty = 25°C. 


Parameter Typical Limit Units 
(Note 8) (Note 9) (Limits) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 
(Note 10) 


LSB (max) 
LSB (max) 
Bits (min) 


kO. 
kQ. (min) 
kQ. (max) 


+ 
ah 


Reference Voltage er Sa 


Analog Input Voltage (Note 11) 


(Vee + 0.05) 
On Channel Leakage Current On Channel = 5 Voc, 


(Vee + 0.05) 
(GND — 0.05) 
200 
Off Channel = 0 Voc 


On Channel = 0 Voc, —200 
Off Channel = 5 Voc —500 
On Channel = 5 Voc, —200 
Off Channel = 0 Voc —500 


V (max) 
V (min) 


(Note 12) nA (max) 


nA (max) 


Off Channel Leakage Current nA (max) 


nA (max) 


(Note 12) On Channel = 0 Vpc, 


Off Channel = 5 Voc 


Power Supply 4.75 Voc < Voc < 5.25 Vpc 
Sensitivity Full Scale Error 


nA (max) 
nA (max) 


LSB (max) 
LSB (max) 
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Electrical Characteristics (Continued) 
The following specifications apply for Vcc = +5.0V, Vrer = +4.6V, fg = 700 kHz, and fc = 3 MHz unless otherwise 


specified. Boldface limits apply for Ta = Ty = Tin to Twax; all other limits Ta = Ty = 26°C. 

DIGITAL AND DC CHARACTERISTICS 

Logical “1” Input Voltage ) Ce es oe 
[Logical"0" InputVottage (Voc = 475Voo | 
ogical"1 inputCurrent——(Vin=6.0Vpc (0.008 | 


Logical “0” Input Current 


Units 
(Limits) 


ADC1031/ADC 1034/ADC 1038 


Logical ‘‘1” Output Voltage Voc = 4.75 Vpc 


louT = —360 pA 
lout = —10 pA 


Logical ‘0” Output Voltage Voc = 4.75 Vpc 
louT = 1.6mA 


TRI-STATE Output Current 


IsouRCE | Output Source Current 
Output Sink Current 
Supply Current 


AC CHARACTERISTICS 


Conversion Clock (CcLk) 0.7 

Frequency - 4.0 
Serial Data Clock (ScLk) 
Frequency (Note 13) 


VouT(1) 


V (min) 
V (min) 


VouT(0) 


mA (min) 


mA (min) 


CS = HIGH, Vrer Open 


MHz (min) 
MHz (max) 


Not Including MUX Addressing and 41 (1/fe) 
Analog Input Sampling Times + 200 ns 


Access Time Delay from CS or OE 
Falling Edge to DO Data Valid 


tsET-UP 


ns (min) 


tyH, too 


ns (max) 


ns (min) 


ns (min) 
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Electrical Characteristics (continued) 
The following specifications apply for Voc = +5.0V, VraeF = +4.6V, fg = 700 kHz, and f¢ = 3 MHz unless otherwise 
specified. Boldface limits apply for Ta = Ty = Tin to Twax; all other limits Ta = Ty = 25°C. 


Units 
(Limits) 


Limit 
(Note 9) 


Typical 
(Note 8) 


Parameter Conditions 


AC CHARACTERISTICS (Continued) 


Delay from Sc. Falling 
Edge to DO Data Valid 


8E0LD0V/rE0lD0V/LE0LOaV 


DO Rise Time Ri = 30kQ, |. TRI-STATE to High 
CL = 100 PE") tow te High 


Ry. = 30 koa, 
CL = 100 pF 


Analog Inputs (CHO-CH7) | 50 | 
All Other Inputs 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 
Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 


Note 4: When the input voltage (Vij) at any pin exceeds the Power supplies (Vijy < DGND, or Vij > Vcc) the current at that pin should be limited to 5 mA. The 
20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four pins. 


Input Capacitance 


Note 5: The maximum power dissipation must be derated at. elevated temperatures and is dictated by Tjmax, @ya and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (TJmax — Ta)/@jq or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125°C. The typical thermal resistance (9Ja) of these parts when board mounted follow: ADC1031 with BIN and CIN suffixes 71°C/W, ADC1034 
with BlJ, ClJ, and CMJ suffixes 52°C/W, ADC1034 with BIN and CIN suffixes 54°C/W, ADC1034 with BIWM and CIWM suffixes 70°C/W, ADC1038 with BlJ, Clu, 
and CMJ suffixes 53°C/W, ADC1038 with BIN and CIN suffixes 46°C/W, ADC1038 with BIWM and CIWM suffixes 64°C/W. 

Note 6: Human body model, 100 pF capacitor discharged through a 1.5 kO. resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or Linear Databook section ‘Surface Mount” for other methods of 
soldering surface mount devices. 

Note 8: Typicals are at Tj = 25°C and represent most likely parametric norm. 

Note 9: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 

Note 11: Two on-chip diodes are tied to each analog input. They will forward-conduct for analog input voltages one diode drop below ground or one diode drop 
greater than Vcc supply. Be careful during testing at low Voc levels (4.5V), as high level analog inputs (5V) can cause an input diode to conduct, especially at 
elevated temperatures, which will cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode; this means that as long as the 
analog V\x does not exceed the supply voltage by more than 50 mV, the output code will be correct. Exceeding this range on an unselected channel will corrupt the 
reading of a selected channel. To achieve an absolute 0 Vpc to 5 Vpc input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over 
temperature variations, initial tolerance and loading. 

Note 12: Channel leakage current is measured after the channel selection. 

Note 13: In order to synchronize the serial data exchange properly, SARS needs to go low after completion of the serial 1/O data exchange. If this does not occur 
the output shift register will be reset and the correct output data lost. The minimum limit for Sc. will depend on Cc, frequency and whether right-justified or left- 


justified, and can be determined by the following equations: 
fs > (8.5/41) (fc) with right-justification (R/L = 1”) and fg > (2.5/41) (fc) with left-justification (R/L = “0”). 
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ADC1031/ADC1034/ADC 1038 


Typical Performance Characteristics 


Power Supply Current Power Supply Current (Icc) Reference Current (IREF) 
(Iec) vS CoLk vs Ambient Temperature vs Ambient = TTT] 


Voc = Vrer = *5V 
= = a Vrer = AGND 
E £ E 1OF Co, = 3.0MHz 
& 5 = 
a fr] Sci = 700kHz 
a & 
F s S075 
5 o = 
> bart o 
3 i] 
= a S 05 
= > a 
nan n oe 
& ir] Veer = AGND ra 
3 5 Cox = 3.0 MHz w 0.25 
a a 
Scik = 700 kHz 
0 0 
=60-40-20 0 20 40 60 80 100120140 -60-40-20 0 20 40 60 80 AER) 
Coyx FREQUENCY ) AMBIENT ‘TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 


Linearity Error vs Linearity Error vs Linearity Error vs 
Ccix Frequency ~ Ambient Temperature Reference Voltage 


Reference Voltage =V REF? -Vrer 


Ta = 25°C 


q g 20 Couk = 8 Voc = 5.0V 
a a a Cor, = 3.0 MHz 
[4 ex 15 a Sci =.700 kHz 
f=) Ss SoS 
ec oe 4 
fre] & Fe 
e z 10 = 
ce [4 ce 
3 5 3 
2 S 05 | 7 ._| r_| — 
Pe a 
=60 -40-20 0. 20 40 60 80 100120140 0 1 2 3 4 5 
Coy FREQUENCY (Hz) AMBIENT TEMPERATURE (°C) REFERENCE VOLTAGE (V) 


Zero Error vs 
Reference Voltage 


c 
Sci = 700 kHz 


REFERENCE VOLTAGE (V) 


ZERO ERROR (LSB) 


TL/H/10556-5 
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Test Circuits 


tin, tow DO except “TRI-STATE” Leakage Current 
TEST POINT 5.0V 5V 


TEST POINT 
ADC1038 DO 


TL/H/10556-6 = 
TL/H/10556-7 


' MMD6150 
or Equivalent 


lon 


5.0V 2.2k 


ADC1038 DO CHO(ON) 


MMD7000 
or Equivalent 


CH1(OFF) 
CH2(OFF) 
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CH7(OFF) 


Channel 
select 


TL/H/10556-8 


Timing Diagrams 


DO “TRI-STATE” Rise 
DO High to Low State DO Low to High State and Fall Times 


tepo troo 


2.4V 2.4V 
0.4V 0.4V 


TL/H/10556-9 TLvtonRe=t6 DO 1.2V <== TRI-STATE 


— trpo 
TL/H/10556-11 


DI Data Input Timing DO Data Output Timing 


sx | LE LD] 


tuoi 


TL/H/10556-12 


aie ty toy 


TRISTATE == 


TL/H/10556-13 


183 


ADC1031/ADC 1034/ADC 1038 


Timing Diagrams (Continued) 


ADC1031 CS High during Conversion 


Ariel Conversion Time 
Sampling Time Al Cay 
Ce, continuously enabled toa = 45 Seik 
———— 


(09X08 Koz KOEN OS K>4M SKA \ 


TL/H/10556-14 


ADC1038/ADC 1034 CS High during Conversion 


Cycle N_ Cycle N#1 
(DO left=Justified because R/L = "0" In cycle N=1) (DO right=Justifled because R/L = "1" In cycle N) 


Analog Analog 
Sampling Time aoe Time 
toa = 45 Scuk = 45 Scik 


seatetceatatseceateneeateen 
SORKKKKY SRI 
ee SK 


HHOBOQOBOO 8 Leang Zeros EAARRAGQD® — 


Result of Conversion N=1 Result of Conversion N 
SARS | Conversion Time | | Conversion Time | 
44 Cox Al CouK 
(Conversion must complete after DO Is clocked out) (Conversion must complete after DO Is clocked out) 


CcLk continuously enabled TL/H/10556-15 
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Timing Diagrams (Continue) 


ADC 1038/ADC 1034 CS Low Continuously 


Cycle N_ Cycle Nei 
(D0 left~justified because R/L = "0" in cycle N=1) (D0 right-justified because R/L = "1" in cycle N) 
Analog Analog 
Sampling Time Sampling Time 
tea = 45 Scik tea = 45 Scik 
Scik 1 2 3 4 5 6 7 8 9 10) 1 2 3 4 5 6 az 8 9 i) hl 13} 15 16) 
— 
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0.000.008. O00 ® J+ — § tna zarus — of )Xi7(06)(05X06)(08)(02)(07)(09) —5— 


Result of Conversion N=1 Result of Conversion N 
SARS | Conversion Time | : | Conversion Time | 
41 Cog 41 Cox 
(Conversion must complete after DO is clocked out) (Conversion must complete after DO is clocked out) 


TL/H/10556-16 


CoLk continuously enabled 


Multiplexer Address/Channel Assignment Tables 
ADC1038 ADC1034 


MUX Address Analog MUX Address Analog 
Channel Channel 
Selected Selected 


0 . 
0 
1 
1 


0 
0 
0 
0 
1 
1 
1 
1 


-~-0O0O0+-+-00 
7 O+-0O0-;0-0 
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ADC1038 Functional Block Diagram 
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Coik 


Scik 


DI 


DO 


SARS 


1.0 Pin Descriptions 


The clock applied to this input controls the suc- 
cessive approximation conversion time interval. 
The clock frequency applied to this input can be 
between 700 kHz and 4 MHz. 


The serial data clock input. The clock applied to 
this input controls the rate at which the serial 
data exchange occurs and the analog sampling 
time available to acquire an analog input voltage. 
The rising edge loads the information on the DI 
pin into the multiplexer address shift register (ad- 
dress register). This address controls which 
channel of the analog input multiplexer (MUX) is 
selected. 


The falling edge shifts the data resulting from the 
previous A/D conversion out on DO. CS and OE 
enable or disable the above functions. 


The serial data input pin. The data applied to this 
pin is shifted by Sc. into the multiplexer ad- 
dress register. The first 3 bits of data (AO-A2) 
are the MUX channel address (see the Multiplex- 
er Address/Channel Assignment tables). The 
fourth bit (R/L) determines the data format of the 
conversion result in the conversion to be started. 
When R/L is low the output data format is left- 
justified; when high it is right-justified. When right- 
justified, six leading ‘‘0”s are output on DO be- 
fore the MSB information; thus the complete con- 
version result is shifted out in 16 clock periods. 


The data output pin. The A/D conversion result 
(DO—D9) is output on this pin. This result can be 
left- or right-justified depending on the value of 
R/L bit shifted in on DI. 


This pin is an output and indicates the status of 
the internal successive approximation register 
(SAR). When high, it signals that the A/D conver- 
sion is in progress. This pin is set high after the 
analog input sampling time (tca) and remains 
high for 41 Cc_« periods. When SARS goes low, 
the output shift register has been loaded with the 
conversion result and another A/D conversion 
sequence can be started. 


The chip select pin. When a low is applied to this 
pin, the rising edge of Sc, shifts the data on DI 
into the address register. 


The output enable pin. When OE and CS are 
both low the falling edge of Sci shifts out the 
previous A/D conversion data on the DO pin. 


The analog inputs of the MUX. A channel input is 
selected by the address information at the DI pin, 
which is loaded on the rising edge of Sc, into 
the address register. 

Source impedances (Rs) driving these inputs 
should be kept below 1 kQ. If Rg is greater than 
1 kQ, the sampled data comparator will not have 
enough time to acquire the correct value of the 
applied input voltage. 

The voltage applied to these inputs should not 
exceed Vcc or go below DGND or AGND by 
more than 50 mV. Exceeding this range on an 
unselected channel will corrupt the reading of a 
selected channel. 


The positive analog voltage reference for the an- 
alog inputs. In order to maintain accuracy the 
voltage range of Veer (VReF = Vpert — 
VReEF_) is 2.5 Voc to 5.0 Voc andthe voltage at 
Vrert cannot exceed Vcc + 50 mV. 


The negative voltage reference for the analog in- 
puts. In order to maintain accuracy the voltage at 
this pin must not go below DGND and AGND by 
more than 50 mV or exceed 40% of Vcc (for Voc 
= 5V, Vaer~ (max) = 2V). 

Voc The power supply pin. The operating voltage 
range of Vcc is 4.75 Vpc to 5.25 Voc. Voc 
should be bypassed with 10 uF and 0.1 pF ca- 
pacitors to digital ground for proper operation of 
the A/D converter. 

The digital and analog ground pins. In order to 
maintain accuracy the voltage difference be- 
tween these two pins must not exceed 300 mV. 


VReFt 


VREF~ 


DGND, 
AGND 


2.0 Functional Description 


2.1 DIGITAL INTERFACE 


The ADC1034 and ADC1038 implement their serial inter- 
face via seven digital control lines. There are two clock in- 
puts for the ADC1034/ADC1038. The Sci, controls the 
rate at which the serial data exchange occurs and the dura- 
tion of the analog sampling time window. The CcLk controls 
the conversion time and must be continuously enabled. A 
low on CS enables the rising edge of Sc,x to shift in the 
serial multiplexer addressing data on the DI pin. The first 
three bits of this data select the analog input channel for the 
ADC1038 and the ADC1034 (see the Channel Addressing 
Tables). The following bit, R/L, selects the output data for- 
mat (right-justified or left-justified) for the conversion to be 
started. With CS and OE low the DO pin is active (out of 
TRI-STATE) and the falling edge of Sc, shifts out the data 
from the previous analog conversion. When the first conver- 
sion is started the data shifted out on DO is erroneous as it 
depends on the state of the Parallel Load 16-Bit Shift Regis- 
ter on power up, which is unpredictable. 


The ADC1031 implements its serial interface with only four 
control pins since it has only one analog input and comes in 
an eight pin mini-dip package. The Scix, Co_x, CS and DO 
pins are available for the serial interface. The output data 
format cannot be selected and defaults to a left-justified 
format. The state of DO is controlled by CS only. 


2.2 OUTPUT DATA FORMAT 


When R/L is low the output data format is left-justified; 
when high it is right-justified. When right-justified, six leading 
“0”’s are output on DO before the MSB, and the complete 
conversion result is shifted out in 16 clock periods. 


2.3 CS HIGH DURING CONVERSION 


With a continuous Sc. input, CS must be used to synchro- 
nize the serial data exchange. A valid CS is recognized if it 
occurs at least 100 ns (tgeT-yp) before the rising edge of 
Sc.k; thus causing data to be input on DI. If this does not 
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ADC1031/ADC 1034/ADC1038 


2.0 Functional Description (Continued) 


occur there will be an uncertainty as to which Scy rising 
edge will clock in the first bit of data. CS must remain low 
during the complete I/O exchange. Also, OE needs to be 
low if data from the previous conversion needs to be ac- 
cessed. 


2.3 CS LOW CONTINUOUSLY 


Another way to accomplish synchronous serial communica- 
tion is to tie CS low continuously and use SARS and Sci to 
synchronize the serial data exchange. Sc. can be disabled 
low during the conversion time and enabled after SARS 
goes low. With CS low during the conversion time a zero will 
remain on DO until the conversion is completed. Once the 
conversion is complete, the falling edge of SARS will shift 
out on DO the MSB before Sc_x is enabled. This MSB 
would be a leading zero if right-justified or D9 if left-justified. 
The rest of the data will be shifted out once Sc. is enabled 
as discussed previously. If CS goes high during the conver- 
sion sequence DO is put into TRI-STATE, and the conver- 
sion result is not affected so long as CS remains high until 
the end of the conversion. 


2.4 TYING Sc_K and Cco_x TOGETHER 


Scik and Cc_k can be tied together. The total conversion 
time will increase because the maximum clock frequency is 
now 1 MHz. The timing diagrams and the serial I/O ex- 
change time (10 Sc_K cycles) remain the same, but the con- 
version time (Tc = 41 Ccik cycles) lengthens from a mini- 
mum of 14 ps to.a minimum of 41 ps. In the case where CS 
is low continuously, since the applied clock cannot be dis- 
abled, SARS must be used to synchronize the data output 
on DO and initiate a new conversion. The falling edge of 
SARS sends the MSB information out on DO. The next ris- 
ing edge of the clock shifts in MUX address bit A2 on DI. 
The following clock falling edge will clock the next data bit 
of information out on DO. A conversion will be started after 
MUX addressing information has been loaded in (3 more 
clocks) and the analog sampling time (4.5 clocks) has 
elapsed. The ADC1031 does not have SARS. Therefore, CS 
cannot be left low continuously on the ADC1031. 


3.0 Analog Considerations 


3.1 THE INPUT SAMPLE AND HOLD 

The ADC1031/4/8’s sample/hold capacitor is implemented 
in its capacitive ladder structure. After the channel address 
is received, the ladder is switched to sample the proper ana- 
log input. This sampling mode is maintained for 4.5 Scik 
cycles after the multiplexer addressing information is loaded 
in. For the ADC1031/4/8, the sampling of the analog input 
starts on Sci’s 4th rising edge. 


TL/H/10556-18 


FIGURE 1. Analog Input Model 


An acquisition window of 4.5 Sc_x cycles is available to 
allow the ladder capacitance to settle to the analog input 
voltage. Any change in the analog voltage before or after 
the acquisition window will not effect the A/D conversion 
result. 


In the most simple case, the ladder’s acquisition time is de- 
termined by the Ron (9 k®) of the multiplexer switches, the 
Cs; (3.5 pF) and the total ladder (C,) and stray (Cs2) capac- 
itance (48 pF). For large source resistance the analog input 
can be modeled as an RC network as shown in Figure 7. 
The values shown yield an acquisition time of about 3 js for 
10 bit accuracy with a zero to a full scale change in the 
reading. External source resistance and capacitance will 
lengthen the acquisition time and should be accounted for. 


The curve “Signal to Noise Ratio vs Output Frequency” 
(Figure 2) gives an indication of the usable bandwidth of the 
ADC1031/ADC1034/ADC1038. The signal to noise ratio of 
an ideal A/D is the ratio of the RMS value of the full scale 
input signal amplitude to the value of the total error ampli- 
tude (including noise) caused by the transfer function of the 
A/D. An ideal 10 bit A/D converter with a total unadjusted 
error of 0 LSB would have a signal to noise ratio of about 
62 dB, which can be derived from the equation: 


S/N = 6.02(N) + 1.8 


where S/N is in dB and N is the number of bits. Figure 2 
shows the signal to noise ratio vs. input frequency of a typi- 
cal ADC1031/4/8 with 14 LSB total unadjusted error. The 
dotted lines show signal-to-noise ratios for an ideal (noise- 
less) 10 bit A/D with 0 LSB error and an A/D with a 1 LSB 
error. 


The sample-and-hold error specifications are included in the 
error and timing specifications of the A/D. The hold step 
and gain error sample/hold specs are taken into account in 
the ADC1031/4/8’s total unadjusted error specification, 
while the hold settling time is included in the A/D’s maxi- 
mum conversion time specification. The hold droop rate can 
be thought of as being zero since an unlimited amount of 
time can pass between a conversion and the reading of 
data. However, once the data is read it is lost and another 
conversion is started. 


3.2 INPUT FILTERING 


Due to the sampling nature of the analog input, transients 
will appear on the input pins. They are caused by the ladder 
capacitance and internal stray capacitance charging current 
flowing into Vij. These transients will not degrade the A/D’s 
performance if they settle out within the sampling window. 
This will occur if external source resistance is kept to a mini- 
mum. 


10 Bit A/D with £1 LSB 
Total Unadjusted Error 


SIGNAL TO NOISE RATIO (dB) 
> 
Ss 


2k 4k 6k 8k 10k 12k 
INPUT FREQUENCY (Hz) 
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FIGURE 2. ADC 1031/4/8 Signal to 


Noise Ratio vs Input Frequency 


3.0 Analog Considerations (Continued) 


External Reference 2.5V Full Scale Power Supply as Reference Input Not Referred to GND 


CHO=CH7 


CHO=CH7 Vin (#) CHO=CH7 


AGND 


AGND AGND 


+ 
VREF 


LM385=2.5 Vrer* 5V Vrer™ 


LM385=2.5 


VREF 


8€0LD0V/rE0lD0V/lLE0LOaV 


Vor VREF 


TL/H/10556-20 


TL/H/10556-21 


TL/H/10556-22 
“Current path must still exist from Viy(—) to 


ground 
FIGURE 3. Analog Input Options 

3.3 REFERENCE AND INPUT ment also facilitates ratiometric operation and in many 
The two Vref inputs of the ADC1031/4/8 are fully differen- cases the chip power supply can be used for transducer 
tial and define the zero to full-scale input range of the A to D power as well as the Vref source. 

converter. This allows the designer to easily vary the span This reference flexibility lets the input span not only be var- 
of the analog input since this range will be equivalent to the ied but also offset from zero. The voltage at Vaer— sets the 
voltage difference between Vaer+ and Varr—. By reduc- input level which produces a digital output of all zeros. 
ing VRer (VREF = VReF+ — VreF—) to less than 5V, the Though Vij is not itself differential, the reference design 
sensitivity of the converter can be increased (i.e., if VReF = allows nearly differential-input capability for many measure- 
2V then 1 LSB = 1.95 mV). The input/reference arrange- ment applications. Figure 3 shows some of the configura- 


tions that are possible. 


Power Supply Bypassing 


Vin Yee Vin Yee 


ADC1034 ADC1034 


+ + 
[out a [tour T [o-1 uF] 10 uF T 


+ 
VREF 


VREF 


SIGNAL GND SIGNAL GND 


POWER GND POWER GND 


TL/H/10556-23 TL/H/10556-24 
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Protecting the Analog Inputs 


Vin. Voc Vin’ Yee 


ADC1031 ADC1031 
ADC1034 ADC1034 
ADC1038 ADC1038 


ADC1031/ADC 1034/ADC 1038 


TL/H/10556-26 
Diodes are IN914 


(R1 + R2)//R3S1k 
TL/H/10556-25 


Zero-Shift and Span-Adjust (2V < Vin < 4.5V) 
© Voc (5 Vpc # 5%) 


+ 
10 uF | 0.1 uF 
ADC1034 =— = 


ADC1038 


a | 45 Voc 
Veer REF 


+ 
5 Vp £5% 1 pF | 20k 
O = 


1/2 of LM611 


1/2 OF LM611 


*1% resistors TL/H/10556-27 
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ZA National 


Semiconductor 


ADC 10461/ADC10462/ADC 10464 10-Bit 600 ns 
A/D Converter with Input Multiplexer and Sample/Hold 


General Description 

Using an innovative, patented multistep* conversion tech- 
nique, the 10-bit ADC10461, ADC10462, and ADC10464 
CMOS analog-to-digital converters offer sub-microsecond 
conversion times yet dissipate a maximum of only 235 mW. 
The ADC10461, ADC10462, and ADC10464 perform a 
10-bit conversion in two lower-resolution ‘flashes’, thus 
yielding a fast A/D without the cost, power dissipation, and 
other problems associated with true flash approaches. Dy- 
namic performance (THD, S/N) is guaranteed. The 
ADC10461 is pin-compatible with the ADC1061 but much 
faster, thus providing a convenient upgrade path for the 
ADC1061. 


The analog input voltage to the ADC 10461, ADC10462, and 
ADC10464 is sampled and held by an internal sampling cir- 
cuit. Input signals at frequencies from dc to over 200 kHz 
can therefore be digitized accurately without the need for an 
external sample-and-hold circuit. 

The ADC10462 and ADC10464 include a “‘speed-up” pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 350 ns 
with only a small increase in linearity error. 

For ease of interface to microprocessors, the ADC10461, 
ADC10462, and ADC10464 have been designed to appear 
as a memory location or I/O port without the need gt exter- 
nal interface logic. 


Ordering Information 
ADC 10461 


J20A Cerdip 

N20A Molded DIP 
M20B Small Outline 

Military 


(=55°C < Ta < + 125°C) 


ADC10461CMJ J20A Cerdip 


Industrial 
(—40°C < Ta < +85°C) 


ADC10461ClJ 
ADC10461CIN 
ADC10461CIWM 


ADC10462 


Industrial 
(—40°C < Ta < +85°C) 


ADC10462ClJ 
ADC10462CIN 
ADC10462CIWM 


Package 


J24A Cerdip 

N24A Molded DIP 
M24B Small Outline 

Military 


(55°C < Ta < +125°C) 


ADC10462CMJ J24A Cerdip 


*U.S. Patent Number 4918449 


Features 

@ Built-in sample-and-hold 

B Single +5V supply 

@ 1, 2, or 4-input multiplexer options 
@ No external clock required 


@ Speed adjust pin for faster conversions (ADC10462 and 
ADC10464) 


Key Specifications 
@ Conversion time to 10 bits 600 ns typical, 
900 ns max over temperature 
800 kHz 

235 mW (max) 


—60 dB (max) 


& Sampling Rate 

@ Low power dissipation 

@ Total harmonic distortion (50 kHz) 
® No missing codes over temperature 


Applications 

@ Digital signal processor front ends 
@ Instrumentation 

@ Disk drives 

& Mobile telecommunications 


ADC 10464 


J28A Cerdip 
N28B Molded DIP 
M28B Small Outline 


J28A | Je8ACerdip 


Industrial 
(—40°C < Ta < +85°C) 


ADC10464ClJ 
ADC10464CIN 
ADC10464CIWM 


Military 
(—55°C < Ta < +125°C) 


ADC10464CMJ 
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Absolute Maximum Ratings (notes 1, 2) 


lf Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
please contact the National Semiconductor Sales Junction Temperature 450°C 
Office/Distributors for availability and specifications. 


Supply Voltage (V+ = AVcc = DVcc) —0.3V to +6V Operating Ratings (notes 1, 2) 
Voltage at Any Input or Output —0.3V to Vt + 0.3V Temperature Range Tun <.Ta < Tmax 


Input Current at Any Pin (Note 3) 5 mA ADC10461ClJ, ADC10461CIN, ADC10461CIWM, 
Package Input Current (Note 3) perk ADC10462ClJ, ADC10462CIN, ADC10462CIWM, 


Stitenn ADC10464ClJ, ADC10464CIN, 
Power Dissipation (Note 4) 875 mW ADC10464CIWM —40°C < Ta < +85°C 


ESD Susceptability (Note 5) 2000V ADC10461CMJ, ADC10462CM4J, 
Soldering Information (Note 6) ADC10464CMJ —55°C < Ta < +125°C 


N Package (10 Sec) 260°C Supply Voltage Range 4.5V to 5.5V 
J Package (10 Sec) 300°C 


SO Package: 
Vapor Phase (60 Sec) 215°C 
Infrared (15 Sec) 220°C 


Converter Characteristics 
The following specifications apply for V+ = +5V, Vrer(+) = +5V, VRer(—) = GND, and Speed Adjust pin unconnected 
unless otherwise specified. Boldface limits apply for Ta = Ty = Tmin to Tmax; all other limits Ta = Ty = + 25°C. 


| Resoution == | Bits 
LSB 
ee LSB (max) 
| FullScaleEwor | TT LSB (max) 
LSB 


5 
5 


Missing Codes aaa cos | (man 


Power Supply Sensitivity | V+ = 5V +5%, Vref = 4.5V +14, 
Vt = 5V 10%, Vrer = 4.5V +% 


THD Total Harmonic Distortion fin = 1 kHz, 4.85 Vp_p 
fin = 50 kHz, 4.85 Vp_p 


LSB 
LSB 


dB 
dB (max) 

dB 

dB 


dB 
dB (min) 
dB 


Bits 
Bits (min) 


2 (min) 
* (max) 
V+ + 0.05 V (max) 
V (min) 
V (min) 


fin = 100 kHz, 4.85 Vp_p 
fin = 240 kHz, 4.85 Vp_p 


Signal-to-Noise Ratio fin = 1 kHz, 4.85 Vp_p 
fin = 50 kHz, 4.85 Vp_p 
fin = 100 kHz, 4.85 Vp-p 


fin = 50 kHz, 4.85 Vp_p 
PREF 
PREF 
VREF(+) 
VREF(-) 


OFF Channel Input Leakage Current | CS = V 
ON Channel Input Leakage Current CcS=V 


VREF(+) V (max) 
vt + 0.05 V (max) 
V (min) 


pA (max) 
pA (max) 
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DC Electrical Characteristics 
The following specifications apply for Vt = +5V, VRer(+) = 5V VRer(—) = GND, and Speed Adjust pin unconnected unless 
otherwise specified. Boldface limits apply for Ta = Ty =. Tin to Tay; all other limits Ta = Ty = +25°C. 


Typical 
ik ee | eomttons ete 7) 


VIN(1) Logical “1” Input Voltage v+ = 5.5V 


VINO) Logical ‘0’ Input Voltage Vt = 4.5V , 
lina) Logical ‘1” Input Current Vin”) = 5V 0.005 
+ 


Limit Units 
(Note 8) (Limits) 


V (min) 


V (max) 


pA (max) 


lin(o) Logical ‘0” Input Current Vino) OV — 0.005 


VouT(1) Logical ‘‘1”’ Output Voltage Vt = 4.5V, lout = —360 pA 
V+ = 4.5V, lout = —10 pA 
Vour(0) Logical “0” Output Voltage V+ = 4.5V, loyt = 1.6mA 


louT TRI-STATE® Output Current Vout = 5V 


p.A (max) 
V (min) 
V (min) 
V (max) 

pA (max) 

pA (max) 


Dioc DVcc Supply Current mA (max) 


mA (max) 


ah ek. | [o) 
—s 


Alcc AVcc Supply Current mA (max) 


mA (max) 


AC Electrical Characteristics 

The following specifications apply for V+ = +5V, t = tf = 20 ns, VRer(+) = 5V, VRer(—) = GND, and Speed Adjust pin 
unconnected unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tmay; all other limits Ta = Ty = 
+ 25°C. 


Typical 
ae | __ parameter | ontons (Note 7) 


Limit Units 
Note 8) Limits) 


tconv Mode 1 Conversion Time Clu, CIN, 
from Rising Edge of S/H CIWM Suffixes 
to Falling Edge of INT CMu Suffixes 


750/900 ns (max) 
1000 ns (max) 
ns 


Rsa = 18k 


Mode 2 Conversion Time ClJ, CIN, 
CIWM Suffixes 
CMJ Suffixes 
Mode 2, Rsa = 18k 


tacci Access Time (Delay from Falling Mode 1; CL = 100 pF 
Edge of RD to Output Valid) 


fee) 
oi 
Oo 


ns (max) 
ns (max) 
ns 


oO © 
oa 
oo 


30 ns (max) 


tacc2 Access Time (Delay from Falling Mode 2; C_ = 100 pF 
Edge of RD to Output Valid) 


tsH Minimum Sample Time (Figure 1); (Note 9) 


tH, toH TRI-STATE Control (Delay R_ = 1k, CL = 10 pF 
from Rising Edge of RD 
to High-Z State) 


Delay from Rising Edge of RD CL = 100 pF 

to Rising Edge of INT 25 
Delay from End of Conversion 

to Next Conversion 


ns (max) 


ns (max) 


ns (max) 


ns (max) 


ie) 


ns (max) 
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AC Electrical Characteristics (Continued) 

The following specifications apply for Vt = +5V, t, = t; = 20 ns, VRer(+) = 5V, VRer(—) = GND, and Speed Adjust pin 
unconnected unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 
+ 25°C. (Continued) 


ee ey ee 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Electrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditons. 


Note 2: All voltages are measured with respect to GND, unless otherwise specified. 


Note 3: When the input voltage (Vin) at any pin exceeds the power supply rails (Vij < GND or Vin > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjyax, 9ya and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tymax — Ta)/@Ja or the number given in the Absolute Maximum Ratings, whichever is lower. In most 
cases, the maximum derated power dissipation will be reached only during fault conditions. For these devices, Tyyax for a board-mounted device can be found 
from the tables below: 


ADC 10461 ADC 10462 ADC 10464 


| sure | euacorm | [_suttm | euacorm | | sux | uno 


Blu, Clu, CMJ BlJ, Clu, CMJ BlJ, Clu, CMJ 
BIN, CIN BIN, CIN BIN, CIN 
BIWM, CIWM BIWM, CIWM BIWM, CIWM 


Note 5: Human body model, 100 pF discharged through a 1.5 k©. resistor. 


Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled ‘Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Typicals represent most likely parametric norm. 
Note 8: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 
Note 9: Accuracy may degrade if ts} or tap is shorter than the value specified. See curves of Accuracy vs tsy and Accuracy vs trp. 
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Typical Performance Characteristics 


DIGITAL SUPPLY CURRENT, Dlog (mA) ZERO ERROR (LSB) 


CONVERSION TIME (ns) 


Zero (Offset) Error 
vs Reference Voltage 


FEENSEE 
its 
1 2 3 4 5 


REFERENCE VOLTAGE, Vpery - Vage- (V) 


0.0 


Digital Supply Current 
vs Temperature 


DVog = 4.5V 


al 
. DVoco = 5.0V 
te ae = 


‘=55 “35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Conversion Time 
vs Speed-Up Resistor 


(ADC 10462 and ADC 10464 Only) 


Ty = 125°C 


10 20 30 40 50 60 70 80 
SPEED-UP RESISTOR, Ro, (k) 


LINEARITY ERROR (LSB) 


CONVERSION TIME (ns) CONVERSION TIME, teoyy (ns) 


SIGNAL LEVEL (dB) 


Linearity Error 
vs Reference Voltage 


AVog = DVog = #5V 
Ty = 25°C 


1 2 3 4 5 
REFERENCE VOLTAGE, Very - Veer- (V) 


Conversion Time 
vs Temperature 


“55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Conversion Time 
vs Speed-Up Resistor 


(ADC 10462 and ADC 10464 Only) 


10 20 30 40 50 60 70 80 
SPEED-UP RESISTOR, Rg, (kf) 


Spectral Response with 
100 kHz Sine Wave Input 


Voc = Vrer = +5V 
Vin=4-85V,-5 

T, = 25°C 

Source Impedance = 6000 
Sampling Rate = 512 kHz 
S/(N+D) = 59.11 dB 


FREQUENCY (kHz) 
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ANALOG SUPPLY CURRENT, Alo (mA) 


CONVERSION TIME, tory (ns) 


SIGNAL LEVEL (dB) 


Analog Supply Current 
vs Temperature 


AVog = 5.5V 


“55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Conversion Time 
vs Temperature 


“55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Spectral Response with 
100 kHz Sine Wave Input 


Source Impedance = 502 
Sampling Rate = 512 kHz 
S/(N+D) = 59.26 dB 


FREQUENCY (kHz) 


TL/H/11108-1 
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Typical Performance Characteristics (continued) 


Linearity Change 
Signal-to-Noise + THD Ratio vs Speed-Up Resistor 
(ADC 10462 and ADC 10464 Only) 


Voc = Veer = +5V 

Vin = 4-85 Vp-p 

Ty = 259°C 

Source Impedance = 6000 
Sampling Rate = 512kHz 


SIGNAL-TO-NOISE+THO RATIO (dB) 
LINEARITY ERROR CHANGE (LSB) 


20k 50k 100k 200k 
FREQUENCY (Hz) SPEED-UP RESISTOR, Req (k) 


Linearity Change 
vs Speed-Up Resistor Linearity Error Change 
(ADC 10462 and ADC 10464 Only) vs Sample Time 


LINEARITY ERROR CHANGE (LSB) 
LINEARITY ERROR CHANGE (LSB) 


NGG 
TP NMA 

‘ 0 20 40 60 80 100 120 140 160 180 200 
SPEED-UP RESISTOR, Req (ka) se) SAMPLE TIME, tsy (ns) 


TL/H/11108-2 
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TRI-STATE Test Circuits and Waveforms 


ADC10461 
ADC10462 
ADC10464 


DATA 
OUTPUT pata You 


OUTPUT GND 


TL/H/11108-4 


TL/H/11108-3 


ADC10461 
DATA 
ADC10462 OUTPUT 


ADC10464 DATA 
OUTPUT 


TL/H/11108-6 


TL/H/11108-5 


so 
(ADC10462 and 
ADC10464 only) 


S1 
(ADC10464 only) 


e@mmoeeoeeeee ea & oo @ @ @ @ @ @ @ @ @ @ @ @ @ o' 


TL/H/11108-7 
FIGURE 1. Mode 1 (tap > t)). The conversion time (t¢ony) is set by the internal timer. 
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Timing Diagrams (continued) 


So 
(ADC10462 and 
ADC10464 only) 


st 
(ADC10464 only) 


iNT 


DOO = DOS : me : oN % 


FIGURE 2. Mode 2 (RD Mode). The conversion time (tcrp) includes the 
sampling time and is determined by the internal timer. 


Simplified Block Diagram 


VREF+ 


Verr- 6 Bit Flash A/D 
(6 MSBs) 
Vin®» Vino** 
Viga?® 
Int OUTPUT 
Vin2*** LATCH 
Vins*** 6 Bit DAC AND 
TRI-STATE 
BUFFERS 


4 Bit Flash A/D 
(4 LSBs) 


AGND** DGND** CS RD S/H SO** Si*** 


*ADC10461 Only 
**ADC10462 and ADC10464 Only 
***ADC10464 Only 
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TL/H/11108-8 


DB9 (MSB) 


DB8 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DBI 

DBO 


TL/H/11108-9 


Connection Diagrams 


Dual-In-Line Package Dual-In-Line Package Dual-In-Line Package 


oO 
oO 
O 


ADc10461 ‘16 


ADC10462 19 
ADC10464 99 


o On Oo FF WwW DH 
o ont Dm oO FF WN PD 
o ont on FF. WwW PD 


= 
Oo 


DB9 (MSB) Vino 
SPEED ADJ Vina 


TL/H/11108-10 


SPEED ADJ 
DGND 
AGND 


Top View 


TL/H/11108-11 


Top View 


TL/H/11108-12 


Top View 

Pin Descriptions 

DVcc, AVcc_ These are the digital and analog positive sup- VREF—; These are the reference voltage inputs. They 
ply voltage inputs. They should always be VREF+ may be placed.at any voltage between GND 
connected to the same voltage source, but and Vcc, but VRer+ must be greater than 
are brought out separately to allow for sepa- VreF—- An input voltage equal to VarF— 
rate bypass capacitors. Each supply pin produces an output code of 0, and an input 
should be bypassed with a 0.1 uF ceramic voltage equal to (VRer+ — 1 LSB) produces 
capacitor in parallel with a 10 uF tantalum an output code of 1023. 


capenier fo casi ; —s Vin» Vino; These are the analog input pins. The 
INT This is the active low interrupt output. INT Vint» Vin2, ADC10461 has one input (Vn), the 


goes low at the end of each conversion, and Ving ADC10462 has two inputs (Vino and Vjn3), 
returns to a high state following the rising and the ADC10464 has four inputs (Vino, 
edge of RD. Vina» Vin2 and Ving). The impedance of the 
S/H This is the Sample/Hold conitrol-input. When source should be less than 5000 for best ac- 
this pin is forced low (and CS is low), it caus- curacy and conversion speed. For accurate 
es the analog input signal to be sampled and conversions, no input pin (even one that is 
initiates a new conversion. not selected) should be driven more than 
RD This is the active low Read control input. 50 mV above Vcc or 50 mV below ground. 
When this RD and CS are low, any data pres- GND, AGND, These are the power supply ground pins. The 
ent in the output registers will be placed on DGND ADC10461 has a single ground pin (GND), 
the data bus. and the ADC10462 and ADC10464 have sep- 
cs This is the active low Chip Select control in- arate analog and digital ground pins (AGND 
put. When low, this pin enables the RD and and DGND) for separate bypassing of the an- 
S/H pins. alog and digital supplies. The ground pins 


should be connected to a stable, noise-free 
system ground. For the devices with two 
ground pins, both pins should be returned to 
the same potential. 


SO, S1 On the multiple-input devices (ADC10462 
and ADC 10464), these pins select the analog 
input that will be connected to the A/D during 
the conversion. The input is selected based 


on the state of SO and $1 when S/H makes DBO-DB9 __ These are the TRI-STATE output pins. 

its High-to-Low transition (See the Timing Di- SPEED ADJ (ADC10462 and ADC10464 only). This pin is 
agrams). The ADC10464 includes both SO normally left unconnected, but by connecting 
and S1. The ADC 10462 includes just SO, and a resistor between this pin and ground, the 
the ADC10461 includes neither. conversion time can be reduced. See the 


Typical Performance Curves and the table of 
Electrical Characteristics. 
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Functional Description 


The ADC10461, ADC10462 and ADC10464 digitize an ana- 
log input signal to 10 bits accuracy by performing two lower- 
resolution “flash” conversions. The first flash conversion 
provides the six most significant bits (MSBs) of data, and 
the second flash conversion provides the four least signifi- 
cant bits LSBs). 


Figure 3 is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1024 the resistance of the whole resis- 
tor string. These lower 16 resistors (the LSB Ladder) there- 
fore have a voltage drop of 16/1024, or 1/64 of the total 
reference voltage (VaerF+ — VReF—) across them. The re- 
mainder of the resistor string is made up of eight groups of 
eight resistors connected in series. These comprise the 
MSB Ladder. Each section of the MSB Ladder has ¥ of the 
total reference voltage across it, and each of the LSB resis- 
tors has 1/64 of the total reference voltage across it. Tap 
points across these resistors can be connected, in groups 
of sixteen, to the sixteen comparators at the right of the 
diagram. 

On the left side of the diagram is a string of seven resistors 
connected between Vragr+ and Vrer—. Six comparators 
compare the input voltage with the tap voltages on this re- 
sistor string to provide a low-resolution “estimate” of the 
input voltage. This estimate is then used to control the multi- 
plexer that connects the MSB Ladder to the sixteen com- 
parators on the right. Note that the comparators on the left 
needn’t be very accurate; they simply provide an estimate of 
the input voltage. Only the sixteen comparators on the right 
and the six on the left are necessary to perform the initial 
six-bit flash conversion, instead of the 64 comparators that 
would be required using conventional half-flash methods. 


Vin 


Y_ 


MSB LADDER 


ESTIMATOR DECODER 


LSB LADDER 


i) 
' 
1 
1/1024 | 


To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that Viy is between 11/16 and 13/16 of Vref. 
The estimator decoder will instruct the comparator MUX to 
connect the 16 comparators to the taps on the MSB ladder 
between 10/16 and 14/16 of Vref. The 16 comparators will 
then perform the first flash conversion. Note that since the 
comparators are connected to ladder voltages that extend 
beyond the range indicated by the estimator circuit, errors in 
the estimator as large as 1/16 of the reference voltage 
(64 LSBs) will be corrected. This first flash conversion pro- 
duces the six most significant bits of data—four bits in the 
flash itself, and 2 bits in the estimator. 


The remaining four LSBs are now determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second, 
four-bit flash conversion is then decoded, and the full 10-bit 
result is latched. 


Note that the sixteen comparators used in the first flash 
conversion are reused for the second flash. Thus, the mul- 
tistep conversion technique used in the ADC10461, 
ADC10462, and ADC10464 needs only a small fraction of 
the number of comparators that would be required for a 
traditional flash converter, and far fewer than would be used 
in a conventional half-flash approach. This allows the 
ADC10461, ADC10462, and ADC10464 to perform high- 
speed conversions without excessive power drain. 


DBO - DB9 
10 


TL/H/11108-13 


FIGURE 3. Block Diagram of the Multistep Converter Architecture 
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Applications Information 
1.0 MODES OF OPERATION 


The ADC10461, ADC10462, and ADC10464 have two basic 
digital interface modes. Figure 7 and Figure 2 are timing 
diagrams for the two modes. The ADC10462 and 
ADC10464 have input multiplexers that are controlled by 
the logic levels on pins So and S; when S/H goes low. 
Table | is a truth table showing how the input channnels are 
assigned. 


Mode 1 


In this mode, the S/H pin controls the start of conversion. 
S/H is pulled low for a minimum of 250 ns. This causes the 
comparators in the ‘‘coarse”’ flash converter to become ac- 
tive. When S/H goes high, the result of the coarse conver- 
sion is latched and the “fine” conversion begins. After 
600 ns (typical), INT goes low, indicating that the conversion 
results are latched and can be read by pulling RD low. Note 
that CS must be low to enable S/H or RD. CS is internally 
“ANDed” with S/H and RD; the input voltage is sampled 
when CS and S/H are low, and data is read when CS and 
RD are low. INT is reset high on the rising edge of RD. 


TABLE I. Input Multiplexer Programming 
ADC 10464 


ADC 10462 


(b) 


Mode 2 


In Mode 2, also called “RD mode”, the S/H and RD pins 
are tied together. A conversion is initiated by pulling both 
pins low. The A/D converter samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 850 ns (typical) after S/H and RD are 
pull low, INT goes low, indicating that the conversion is 
completed. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but until 
INT goes low the data at the output pins will be the result of 
the previous conversion. 


2.0 REFERENCE CONSIDERATIONS 


The ADC10461, ADC10462, and ADC10464 each have two 
reference inputs. These inputs, VRer+ and Vrer-_, are fully 
differential and define the zero to full-scale range of the 
input signal. The reference inputs can be connected to span 
the entire supply voltage range (VpeF— = OV, VreF+ = 
Vcc) for ratiometric applications, or they can be connected 
to different voltages (as long as they are between ground 
and Vcc). when other input spans are required. Reducing 
the overall VReF span to less than 5V increases the sensi- 
tivity of the converter (e.g., if Vaer = 2V, then 1 LSB = 
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1.953 mV). Note, however, that linearity and offset errors 
become larger when lower reference voltages are used. 
See the Typical Performance Curves for more information. 
For this reason, reference voltages less than 2V are not 
recommended. 


In most applications, Vaer— will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used in the ADC10461, 
ADC10462, and ADC10464. Vaer— can be connected to a 
voltage other than ground as long as the voltage source 
connected to this pin is capable of sinking the converter’s 
reference current (12.5 mA Max @ Vper = 5V). If VreF— is 
connected to a voltage other than ground, bypass it with 
multiple capacitors. 


Since the resistance between the two reference inputs can 
be as low as 4000, the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should be by- 
passed with a 10 uF tantalum and a 0.1 wF ceramic. 


3.0 THE ANALOG INPUT 


~ The ADC10461, ADC10462, and ADC10464 sample the an- 


alog input voltage once every conversion cycle. When this 
happens, the input is briefly connected to an impedance 
approximately equal to 6000 in series with 35 pF, Short-du- 
ration current spikes can therefore be observed at the ana- 
log input during normal operation. These spikes are normal 
and do not degrade the converter’s performance. 


Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 5009 should be used if rated accuracy is to be 
achieved at the minimum sample time (250 ns maximum). If 
the sampling time is increased, the source impedance can 
be larger. If a signal source has a high output impedance, its 
output should be buffered with an operational amplifier. The 
operational amplifier’s output should be well-behaved when 
driving a switched 35 pF/6002. load. Any ringing or voltage 
shifts at the op amp’s output during the sampling period can 
result in conversion errors. 


Correct conversion results will be obtained for input volt- 
ages greater than GND — 50 mV and less than V+ + 
50 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than AVcc and DV¢g, or 
more than 300 mV lower than GND. If an analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the IC. The sum of all the overdrive currents into 
all pins must be less than 20 mA. When the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits, some sourt of protection scheme should be 
used. A simple network using diodes and resistors is shown 
in Figure 4. 
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17 
Rsa (Optional; see text) 


TL/H/11108-14 
FIGURE 4. Typical Connection. Note the multiple bypass capacitors on the reference and power supply pins. If VaeF— 
is not grounded, it should also be bypassed to analog ground using multiple capacitors (see 5.0 “Power Supply 
Considerations”). AGND and DGND should be at the same potential. Vio is shown with an input protection network. 
Pin 17 is normally left open, but optional “speedup” resistor Rgaq can be used to reduce the conversion time. 


4.0 INHERENT SAMPLE-AND-HOLD 


Because the ADC10461, ADC10462, and ADC10464 sam- 
ple the input signal once during each conversion, they are 
capable of measuring relatively fast input signals without the 
help of an external sample-hold. In a non-sampling succes- 
sive-approximation A/D converter, regardless of speed, the 
input signal must be stable to better than + 1/2 LSB during 
each conversion cycle or significant errors will result. Con- 
sequently, even for many relatively slow input signals, the 
signals must be externally sampled and held constant dur- 
ing each conversion if a SAR with no internal sample-and- 
hold is used. 


Because they incorporate a direct sample/hold control in- 
put, the ADC10461, ADC10462, and ADC10464 are suitable 
for use in DSP-based systems. The S/H input allows syn- 
chronization of the A/D converter to the DSP system’s sam- 
pling rate and to other ADC10461s, ADC10462s, and 
ADC10464s. 


The ADC10461, ADC10462, and ADC10464 can perform 
accurate conversions of input signals with frequency com- 
ponents from DC to over 250 kHz. 


5.0 POWER SUPPLY CONSIDERATIONS 


The ADC10461, ADC10462, and ADC10464 are designed 
to operate from a +5V (nominal) power supply. There are 
two supply pins, AVcc and DVcc. These pins allow sepa- 
rate external bypass capacitors for the analog and digital 
portions of the circuit. To guarantee accurate conversions, 
the two supply pins should be connected to the same volt- 
age source, and each should be bypassed with a 0.1 mF 
ceramic capacitor in parallel with a 10 wF tantalum capaci- 
tor. Depending on the circuit board layout and other system 
considerations, more bypassing may be necessary. 

The ADC10461 has a single ground pin, and the ADC10462 
and ADC10464 each have separate analog and digital 
ground pins for separate bypassing of the analog and digital 


supplies. The devices with separate analog and digital 
ground pins should have their ground pins connected to the 
same potential, and all grounds should be “clean” and free 
of noise. 


In systems with multiple power supplies, careful attention to 
power supply sequencing may be necessary to avoid over- 
driving inputs. The A/D converter’s power supply pins 
should be at the proper voltage before digital or analog sig- 
nals are applied to any of the other pins. 


6.0 LAYOUT AND GROUNDING 


In order to ensure fast, accurate conversions from the 
ADC10461, ADC10462, and ADC 10464, it is necessary to 
use appropriate circuit board layout techniques. The analog 
ground return path should be low-impedance and free of 
noise from other parts of the system. Noise from digital cir- 
cuitry can be especially troublesome, so digital grounds 
should always be separate from analog grounds. For best 
performance, separate ground planes should be provided 
for the digital and analog parts of the system. 


All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 


7.0 DYNAMIC PERFORMANCE 


Many applications require the A/D converter to digitize AC 
signals, but conventional DC integral and differential nonlin- 
earity specifications don’t accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
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ic characteristics such as signal-to-noise ratio (SNR) and 
total harmonic distortion (THD), are quantitative measures 
of this capability. 

An A/D converter’s AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. The 
resulting spectral plot might look like the ones shown in the 
typical performance curves. The large peak is the funda- 
mental frequency, and the noise and distortion components 
(if any are present) are visible above and below the funda- 
mental frequency. Harmonic distortion components appear 
at whole multiples of the input frequency. Their amplitudes 
are combined as the square root of the sum of the squares 
and compared to the fundamental amplitude to yield the 
THD specification. Guaranteed limits for THD are given in 
the table of Electrical Characteristics. 


Signal-to-noise ratio is the ratio of the amplitude at the fun- 
damental frequency to the rms value at all other frequen- 
cies, excluding any harmonic distortion components. Guar- 
anteed limits are given in the Electrical Characteristics table. 
An alternative definition of signal-to-noise ratio includes the 
distortion components along with the random noise to yield 
a signal-to-noise-plus-distortion ration, or S/(N + D). 


The THD and noise performance of the A/D converter will 
change with the frequency of the input signal, with more 
distortion and noise occurring at higher signal frequencies. 
One way of describing the A/D’s performance as a function 
of signal frequency is to make a plot of “effective bits” ver- 
sus frequency. An ideal A/D converter with no linearity er- 
rors or self-generated noise will have a signal-to-noise ratio 


equal to (6.02n + 1.8) dB, where n is the resolution in bits 
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of the A/D converter. A real A/D converter will have some 
amount of noise and distortion, and the effective bits can be 
found by: 


S/(N + D) (dB) — 1.8 
6.02 


where S/(N + D) is the ratio of signal to noise and distor- 
tion, which can vary with frequency. 


As an example, an ADC10461 with a 4.85 Vp.p, 100 kHz 
sine wave input signal will typically have a signal-to-noise- 
plus-distortion ratio of 59.2 dB, which is equivalent to 9.53 
effective bits. As the input frequency increases, noise and 
distortion gradually increase, yielding a plot of effective bits 
or S/(N + D) as shown in the typical performance curves. 


8.0 SPEED ADJUST 


In applications that require faster conversion times, the 
Speed Adjust pin (pin 14 on the ADC10462, pin 17 on the 
ADC10464) can significantly reduce the conversion time. 
The speed adjust pin is connected to an on-chip current 
source that determines the converter’s internal timing. By 
connecting a resistor between the speed adjust pin and 
ground as shown in Figure 4, the internal programming cur- 
rent is increased, which reduces the conversion time. As an 
example, an 18k resistor reduces the conversion time of a 
typical part from 600 ns to 350 ns with no significant effect 
on linearity. Using smaller resistors to further decrease the 
conversion time is possible as well, although the linearity 
will begin to degrade somewhat (see curves). Note that the 
resistor value needed to obtain a given conversion time will 
vary from part to part, so this technique will generally require 
some “tweaking” to obtain satisfactory results. 

For applications that require guaranteed performance using 
the speed adjust pin, the ADC10662 and ADC10664 are 
tested and guaranteed for static and dynamic performance 
with a fixed value of speed-up resistor. 


n (effective) = 
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ADC1061 10-Bit High-Speed »P-Compatible 
A/D Converter with Track/Hold Function 


Features 
1.8 ws maximum conversion time to 10 bits 
Low power dissipation: 235 mW (maximum) 
Built-in track-and-hold 

No external clock required 

Single +5V supply 

No missing codes over temperature 


General Description 


Using a modified half-flash conversion technique, the 10-bit 
ADC1061 CMOS analog-to-digital converter offers very fast 
conversion times yet dissipates a maximum of only 235 mW. 
The ADC1061 performs a 10-bit conversion in two lower- 
resolution “flashes”, thus yielding a fast A/D without the 
cost, power dissipation, and other problems associated with 
true flash approaches. 

The analog input voltage to the ADC1061 is tracked and Applications 
held by an internal sampling circuit. Input signals at frequen- = Waseforn diatizers 
cies from DC to greater than 160 kHz can therefore be digi- g 


tized accurately without the need for an external sample- @ Disk drives 
and-hold circuit. @ Digital signal processor front ends 


@ Mobile telecommunications 


For ease of interface to microprocessors, the ADC1061 has 
been designed to appear as a memory location or I/O port 
without the need for external interface logic. 


Simplified Block and Connection Diagrams 


DB9 (MSB) Dual-In-Line Package 
DBB ; 


DB7 
DB6 "cc 
DBS INT 
DB4 S/H 
DB3 RD 
DB2 
DBI 
DBO (LSB) AVcc 


6 Bit Flash A/D 
(6 MSBs) 


fe) 


ADC1061 
15 


oon ouwrr wr - 


oOo 


DB9 (MSB) 


TL/H/10559-2 TL/H/10559-1 


Top View 


Order Number 
Ordering Information ADC1061ClJ, ADC1061CIN, 


ADC1061CIWM or ADC 1061CMJ 
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Absolute Maximum Ratings (notes a 2) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (V+ = AVoco = DVcc) —0.3V to +6V 
Voltage at any Input or Output —0.3V to V+ +0.3V 
Input Current at Any Pin (Note 3) 5mA 
Package Input Current (Note 3) 20 mA 
Power Dissipation (Note 4) 875 mW 
ESD Susceptibility (Note 5) 1500V 


Converter Characteristics 


Soldering Information (Note 6) 
N Package (10 seconds) 260°C 
J Package (10 seconds) 300°C 
SO Package (Note 6): 
Vapor Phase (60 seconds) 215°C 
Infrared (15 seconds) 220°C 


Junction Temperature, Ty + 150°C 
Storage Temperature Range —65°C to + 150°C 


Operating Ratings (notes 1 & 2) 

Temperature Range TmIN < Ta < Tmax 
ADC1061ClJ, ADC1061CIiN, 
ADC1061CIWM 
ADC1061CMJ 


Supply Voltage Range 


—40°C < Ta < +85°C 
—55°C < Ta < +125°C 
4.5V to 5.5V 


The following specifications apply for V+ = +5V, VREF(+) = 5V, and VRer(—) = GND unless otherwise specified. Boldface 
limits apply for Ta = Ty = Twin to Tax; all other limits Ta = Ty = 25°C. 


Symbol 


RREF 

RREF 

VREF(+) 

VREF(—) 

VREF(+) 

VREF(—) 

VIN 

VIN Input Voltage 


Analog Input Leakage Current 


Power Supply Sensitivity 


: 
H+ 
=k 
ol 


ep 
o}|9 
o;]— 
+ 
nh 


CS = Vt, Vin = Vt 
CS = V+, Vin = GND 


Bits 
LSB (Max) 
LSB (Max) 
LSB (Max) 
LSB (Max) 
LSB (Max) 

kQ, (Min) 
ko, (Max) 
V (Max) 
V (Min) 
V (Min) 
V (Max) 
V (Max) 
V (Min) 


uA (Max) 
uA (Max) 


Typical Limit Units 
(Note 7) (Note 8) (Limit) 


|- 
Lh 
° 


+ 
= 


+ 
ah 


LSB 
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DC Electrical Characteristics 
The following specifications apply for V+ = +5V, Vrer(+) = 5V, and VReF(-) = GND unless otherwise specified. Boldface 
limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


Symbol 


VIN(1) 
VINO) 
liIN(1) 
liN(O) 
VOuT(1) 


VouT(o) 
lout 


Dloc 
Alcc 


Parameter 


Logical ‘1’ Input Voltage V+ = 5.25V 
Logical ‘‘0” Input Voltage V+ = 4,75V 


Logical ‘‘1” Input Current 


Logical ‘‘0” Input Current VINO 


) = OV 


Logical ‘1”” Output Voltage Vt = 4.75V loyt = —360 pA 
V+ ='4.75V lout = —10 pA 


Logical ‘‘0” Output Voltage V+ ='4.75V lout = 1.6mA 
TRI-STATE® Output Current Vout = 5V 


DVcc Supply Current 


AVcc Supply Current 


AC Electrical Characteristics 
The following specifications apply for V+ = +5V, t, = t, = 20 ns, Vrer(+) = 5V, and Vrer(—) = GND unless otherwise 
specified. Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


Symbol 


tcONV 


tcrRD 


tacct 


tacce 


tsH 
t1H» tou 


tINTH 


tip 
tp 


SR 


Conversion Time from Rising Edge 
of S/H to Falling Edge of INT 


Conversion Time for MODE 2 
(RD Mode) 


Access Time (Delay from Falling 
Edge of RD to Output Valid) 


Access Time (Delay from Falling 
Edge of RD to Output Valid) 


Minimum Sample Time 


TRI-STATE Control (Delay from Rising 
Edge of RD to High-Z State) 


Delay from Rising Edge of RD 
to Rising Edge of INT 


Delay from INT to Output Valid 


Delay from End of Conversion 
to Next Conversion 


Slew Rate for Correct 
Track-and-Hold Operation 


Vout = OV 


CS = WR = RD =0 


Mode 1; C, = 100 pF 


Mode 2; C, = 100 pF 


(Figure 1); (Note 9) 


Ry = 1k, CL = 10 pF 


CL = 100 pF 
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Typical 
(Note 7) 


1.2 
1.8 
20 


10 
20 
10 

5 


2 


oO 
= 


Limit 
(Note 8) 


Limit 
(Note 8) 


Units 
(Limits) 


V (Min) 
V (Max) 
pA (Max) 
pA (Max) 


V (Min) 
V (Min) 


V (Max) 


pA (Max) 
pA (Max) 


mA (Max) 
mA (Max) 


Units 
(Limits) 


ps (Max) 


ps (Max) 


ns (Max) 


ns (Max) 
ns (Max) 


ns (Max) 


ns (Max) 
ns (Max) 


ns (Max) 


V/s 


AC Electrical Characteristics (continueg) 
The following specifications apply for V+ = +5V, tr = te = 20 ns, VREF(+) = 5V, and VreF(—) = GND unless otherwise 
specified. Boldface limits apply for Ta = Ty = Twin to Tyay; all other limits Ta = Ty = 25°C. 


Analog Input Capacitance 
Logic Output Capacitance 
Logic Input Capacitance 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some Performance characteristics may degrade when the device is not operated under the listed test 
conditions. 


Note 2: All voltages are measured with respect to GND, unless otherwise specified. 


Note 3: When the input voltage (Vij) at any pin exceeds the power supply rails (Viy < V— or Vij > V+) the absolute value of current at that pin should be limited 
to 5 mA or less, The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input of 5 mA to four. 


Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tyyax, Oya and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tymax — Ta)/@ya or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tymax = 150°C, and the typical thermal resistance (8a) when board mounted is 47°C/W for the plastic (N) package, 85°C/W for the ceramic (J) package, 
and 65°C/W for the small outline (WM) Package. 


Note 5: Human body model, 100 pF discharged through a 1.5 kQ. resistor. 


Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Typicals are at 25°C and represent most likely parametric norm. 
Note 8: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 
Note 9: Accuracy may degrade if tSH is shorter than the value specified. 


TRI-STATE Test Circuits and Waveforms 


DATA 
OUTPUT 


DATA 
OUTPUT 


GND 


TL/H/10559-4 


TL/H/10559-3 


DATA 
OUTPUT 


TL/H/10559-6 
TL/H/10559-5 
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Timing Diagrams 
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TL/H/10559-7 
FIGURE 1. Mode 1. The conversion time (tconv) is determined by the internal timer. 
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TL/H/10559-8 
FIGURE 2. Mode 2 (RD Mode). The conversion time (tcrp) includes 
the sampling time, and is determined by the internal timer. 
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Typical Performance Characteristics 


Zero (Offset) Error Linearity Error vs 
vs Reference Voltage Reference Voltage 
0 


Voc = Doc = +5V 
Ty = 25°C 


ZERO ERROR (LSBs) 
LINEARITY ERROR (LSBs) 


REFERENCE VOLTAGE, Vpery - Veer (V) REFERENCE VOLTAGE, Vpers ~ Vaer- (V) 


TL/H/10559-9 TL/H/10559-10 
Mode 1 Conversion Time Mode 2 Conversion Time 
vs Temperature vs Temperature 
io ce 
2M rer 
8 12 > 16 
¥ 10 2 14 
= z 12 
So 08 S 
a o 10 
ed 0.6 s 08 
S oa 8S 06 
tw 02 au 
2 S 0.2 
= 00 0.0 
-75 -50 -25 0 25 50 75 100 125 “75 -50 -25 0 25 50 75 100 125 
JUNCTION TEMPERATURE, T, (°C) JUNCTION TEMPERATURE, Ty (°C) 
TL/H/10559-11 TL/H/10559-12 
Pin Descriptions 
Symbol Function Symbol Function 
DVcc; __ These are the digital and analog positive CS (5) This is the active low Chip Select control 
AVcc supply voltage inputs. They should input. This pin enables the S/H and RD 
(1, 6) always be connected to the same inputs. 
voltage source, but are brought out VREF-> These are the reference voltage inputs. 
separately to allow for separate bypass — VRer+ They may be placed at any voltage 
capacitors. Each supply pin should be (7, 9) between GND — 50 mV and Voc + 
bypassed with a 0.1 uF ceramic 50 mV, but VaeF+ must be greater than 
capacitor in parallel with a 10 uF Vrer—- An input voltage equal to 
tantalum capacitor. VREF— produces an output code of 0, 
INT (2) This is the active low interrupt output. and an input voltage equal to Vrper+ — 
INT goes low at the end of each 1LSB produces an output code of 1023. 
conversion, and returns to a high state Vin (8) This is the analog input pin. The 
following the rising edge of RD. impedance of the source should be less 
S/H (3) This is the Sample/Hold control input. than 50002 for best accuracy and 
When this pin is forced low, it causes conversion speed. To avoid damage to 
the analog input signal to be sampled the ADC1061, Vin should not be 
and initiates a new conversion. allowed to extend beyond the power 
RD (4) This is the active low Read control input. supply voltages by more than 300 mV 
When this pin is low, any data present in unless the drive current is limited. For 
the ADC1061’s output registers will be accurate conversions, Vij should not 
placed on the data bus. In Mode 2, the extend more than 50 mV beyond the 
Read signal must be low until INT goes supply voltages. 


low. Until INT goes low, the data at the 
output pins will be incorrect. 
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Pin Descriptions (Continued) 


Symbol Function 
GND (10) This is the power supply ground pin. The 
ground pin should be connected to a 
“clean” ground reference point. 
DBO-DB9 These are the TRI-STATE output pins. 
(11-20) 


Functional Description 


The ADC1061 digitizes an analog input signal to 10 bits ac- 
curacy by performing two lower-resolution “flash” conver- 
sions. The first flash conversion provides the six most signif- 
icant bits (MSBs) of data, and the second flash conversion 
provides the four least significant bits (LSBs). 


Figure 3 is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1024th the resistance of the whole 
resistor string. These lower 16 resistors (the LSB Ladder) 
therefore have a voltage drop of 16/1024, or 1/64th of the 
total reference voltage (Vaer+ — VREF-—) across them. 
The remainder of the resistor string is made up of eight 
groups of eight resistors connected in series. These com- 
prise the MSB Ladder. Each section of the MSB Ladder 
has 1/8th of the total reference voltage across it, and each 
of the MSB resistors has 1/64th of the total reference volt- 
age across it. Tap points across all of these resistors can be 


MSB LADDER 
Ss 
en 
Lop] 


16/1024 


ESTIMATOR DECODER 


LSB LADDER 


1/1024 


COMPARATOR MUX 


FIGURE 3. Block Diagram of the Modified Half-Flash Converter Architecture 


connected, in groups, to the sixteen comparators at the 
right of the diagram. 


On the left side of the diagram is a string of seven resistors 
connected between Vper+ — VreF—- Six comparators 
compare the input voltage with the tap voltages on the re- 
sistor string to provide an estimate of the input voltage. This 
estimate is then used to control the multiplexer that con- 
nects the MSB Ladder to the sixteen comparators on the 
right. Note that the comparators on the left needn't be very 
accurate; they simply provide an estimate of the input volt- 
age. Only the sixteen comparators on the right and the six 
on the left are necessary to perform the initial six-bit flash 
conversion, instead of the 64 comparators that would be 
required using conventional half-flash methods. 


To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that Vix is between 11/16 and 13/16 of VREF. 
The estimator decoder will instruct the comparator mux to 
connect the 16 comparators to the taps on the MSB Ladder 
between 10/16 and 14/16 of VREF. The 16 comparators 
will then perform the first flash conversion. Note that since 
the comparators are connected to Ladder voltages that ex- 
tend beyond the range indicated by the estimator circuit, 
errors in the estimator as large as 1/4, of the reference volt- 
age (64 LSBs) will be corrected. This first flash conversion 
produces the six most significant bits of data. 
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Functional Description (continued) 


The remaining four LSBs may now be determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second 
flash conversion is then decoded, and the full 10-bit result is 
latched. 


Note that the sixteen comparators used in the first flash 
conversion are reused for the second flash. Thus, the half- 
flash conversion techniques used in the ADC1061 needs 
only a small fraction of the number of comparators that 
would be required for a traditional flash converter, and far 
fewer than would be used in a conventional half-flash ap- 
proach. This allows the ADC1061 to perform high-speed 
conversions without excessive power drain. 


Applications Information 


1.0 Modes of Operation 


The ADC1061 has two basic digital interface modes. These 
are illustrated in Figure 7 and Figure 2. 


ADC1061 


10 uF | [0.1 pF 10 pF | [0.1 pF [10 uF | 0.1 uF 


MODE 1 
In this mode, the S/H pin controls the start of conversion. 


S/H is pulled low for a minimum of 250 ns. This causes the 


comparators in the “coarse” flash converter to become ac- 
tive. When S/H goes high, the result of the coarse conver- 
sion is latched and the “fine” conversion begins. After ap- 
proximately 1.2 ws (1.8 »s maximum), INT goes low, indicat- 
ing that the conversion results are latched and can be read 
by pulling | RD low. Note that CS must be low to enable S/H 
or RD. CS is internally “ANDed” with the sample and read 
control signals; the input voltage is sampled when CS and 
S/H are low, and is read when CS and RD are low. 


MODE 2 


In Mode 2, also called “RD mode”, the S/H and RD pins 
are tied together. A conversion is initiated by pulling both 
pins low. The ADC1061 samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 


About 1.8 us (2.4 ws maximum) after S/H and RD are 
pulled low, INT goes low, indicating that the conversion is 
complete. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but will be 
valid only after INT goes low. 


DB9 (MSB) 


DBO (LSB) 
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FIGURE 4. Typical connection. Note the multiple bypass capacitors on the reference 
and power supply pins. If Vref — is not grounded, it should also be bypassed to 


ground using multiple capacitors (see 5.0 “Power Supply Considerations”). 
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2.0 Reference Considerations 


The ADC1061 has two reference inputs. These inputs, 
VrRer+ and Vref -, are fully differential and define the zero 
to full-scale range of the input signal. The reference inputs 
can be connected to span the entire supply voltage range 
(VReF— = OV, Vrer+ = Voc) for ratiometric applications, 
or they can be connected to different voltages (as long as 
they are between ground and Vcc) when other input spans 
are required. Reducing the overall Vaer span to less than 
5V increases the sensitivity of the converter (e.g., if VRer = 
2V, then 1LSB = 1.953 mV). Note, however, that linearity 
and offset errors become larger when lower reference volt- 
ages are used. See the Typical Performance Curves for 
more information. Reference voltages less than 2V are not 
recommended. 


In most applications, VaeF— will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used in the ADC1061. 
VreF— can be connected to a voltage other than ground as 
long as the reference for this pin is capable of sinking cur- 
rent. If VRer— is connected to a voltage other than ground, 
bypass it with multiple capacitors. 


Since the resistance between the two reference inputs can 
be as low as 4000, the voltage source driving the reference 
inputs should have low output impedance. Any noise on eéi- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should nor- 


mally be bypassed with a 10 pF tantalum and a 0.1 pF 


ceramic capacitor. More bypassing may be necessary in 
some systems. 


The choice of reference voltage source will depend on the 
requirements of the system. In ratiometric data acquisition 
systems with a power supply-referenced sensor, the refer- 
ence inputs are normally connected to Vcc and GND, and 
no reference other than the power supply is necessary. In 
absolute measurement systems requiring 10-bit accuracy, a 
reference with better than 0.1% accuracy will be necessary. 


3.0 The Analog Input 


The ADC1061 samples the analog input voltage once every 
conversion cycle. When this happens, the input is briefly 
connected to an impedance approximately equal to 6002 in 
series with 35 pF. Short-duration current spikes can there- 
fore be observed at the analog input during normal opera- 
tion. These spikes are normal and do not degrade the con- 
vertor’s performance. 


Note that large source impedances can slow the charging of 
the sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 5009 should be used if rated accuracy is to be 
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achieved at the minimum sample time. If the sampling time 
is increased, the source impedance can be larger. If a signal 
source has a high output impedance, its output should be 
buffered with an operational amplifier. The operational am- 
plifier’s output should be well-behaved when driving a 
switched 35 pF/6000. load. Any ringing or voltage shifts at 
the op amp’s output during the sampling period can result in 
conversion errors. 


Correct conversion results will be obtained for input volt- 
ages greater than GND — 50 mV and less than Vt + 
50 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than AVcc and DVcc, or 
more than 300 mV lower than GND. If the analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the ADC1061. 


4.0 Inherent Sample-and-Hold 


Because the ADC1061 samples the input signal once during 
each conversion, it is capable of measuring relatively fast 
input signals without the help of an external sample-hold. In 
a conventional successive-approximation A/D converter, 
regardless of speed, the input signal must be stable to bet- 
ter than +1% LSB during each conversion cycle or signifi- 
cant errors will result. Consequently, even for many relative- 
ly slow input signals, the signals must be externally sampled 
and held constant during each conversion. 


The ADC1061 can perform accurate conversions of input 
signals at frequencies from DC to greater than 160 kHz 
without the need for external sampling circuitry. 


5.0 Power Supply Considerations 


The ADC1061 is designed to operate from a + 5V (nominal) 
power supply. There are two supply pins, AVcc and DVcc. 
These pins allow separate external bypass capacitors for 
the analog and digital portions of the circuit. To guarantee 
accurate conversions, the two supply pins should be con- 
nected to the same voltage source, and each should be 
bypassed with a 0.1 «F ceramic capacitor in parallel with a 
10 pF tantalum capacitor. Depending on the circuit board 
layout and other system considerations, more bypassing 
may be necessary. 


It is important to ensure that none of the ADC1061’s input or 
output pins are ever driven to a voltage more than 300 mV 
above AVcc and DVcc, or more than 300 mV below GND. If 
these voltage limits are exceeded, the overdrive current into 
or out of any pin on the ADC1061 must be limited to less 
than 5 mA, and no more than 20 mA of overdrive current (all 
overdriven pins combined) should flow. In systems with mul- 
tiple power supplies, this may require careful attention to 
power supply sequencing. The ADC1061’s power supply 
pins should be at the proper voltage before signals are ap- 
plied to any of the other pins. 


6.0 Layout and Grounding 


In order to ensure fast, accurate conversions from the 
ADC1061, it is necessary to use appropriate circuit board 
layout techniques. The analog ground return path should be 
low-impedance and free of noise from other parts of the 
system. Noise from digital circuitry can be especially trou- 
blesome, so digital grounds should always be separate from 
analog grounds. For best performance, separate ground 
planes should be provided for the digital and analog parts of 
the system. 
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All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 
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National 


Semiconductor 


ADC10662/ADC 10664 10-Bit 360 ns 
A/D Converter with Input Multiplexer and Sample/Hold 


General Description Features 


Using an innovative, patented multistep* conversion tech- ™ Built-in sample-and-hold 

nique, the 10-bit ADC10662 and ADC10664 are 2- and m@ Single +5V supply 

4-input CMOS analog-to-digital converters offering sub-mi- _™ 2- or 4-input multiplexer options 

crosecond conversion times yet dissipating a maximum of — m No external clock required 

only 235 mW. The ADC10662 and ADC10664 perform a 

10-bit conversion in two lower-resolution “flashes”, thus iti j 

yielding a fast A/D without the cost, power dissipation, and Key specications 360 ns typical 
other problems associated with true flash approaches. In sei aes neeriem pa 
addition to standard static performance specifications (Lin- 7 P : 
earity, Full-Scale Error, etc.) dynamic performance (THD, ®™ Sampling Rate 1.5 MHz (min) 
S/N) is guaranteed. m Low power dissipation 235 mW (max) 
The analog input voltage to the ADC10662 and ADCi0664_™ Total harmonic distortion (50 kHz) —60 dB (max) 
is sampled and held by an internal sampling circuit. Input = No missing codes over temperature 

signals at frequencies from dc to over 250 kHz can there- : : 

fore be digitized accurately without the need for an external Applications 

sample-and-hold circuit. @ Digital signal processor front ends 

The ADC10662 and ADC10664 include a “speed-up” pin. ™ Instrumentation 

Connecting an external resistor between this pinand ground ~_—™ Disk drives 

reduces the typical conversion time to as little as 360 ns. = Mobile telecommunications 

For ease of interface to microprocessors, the ADC10662 

and ADC10664 have been designed to appear as a memory 

location or I/O port without the need for external interface 

logic. 


Ordering Information 


ADC10662 ADC 10664 


Industrial Bachaue Industrial — 
(—40°C < Ty < +85°C) 9 (—40°C < Ta < +85°C) 9 


ADC10662ClJ J24A Cerdip ADC10664ClJ J28A Cerdip 
ADC10662CIN N24A Molded DIP ADC10664CIN N28B Molded DIP 
ADC10662CIWM M24B Small Outline ADC10664CIWM M28B Small Outline 


Military Military 
ck A, eRe (=55°C < Ta < + 125°C) 


ADC10662CMJ J24A Cerdip ADC10664CMJ J28A Cerdip 


*U.S. Patent Number 4918449 
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Absolute Maximum Ratings (notes 1, 2) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
please contact the National Semiconductor Sales Junction Temperature 450°C 
Office/Distributors for availability and specifications. 
Supply Voltage (V+ = AVog = DVcc), —- —0.3V to +6V Operating Ratings (notes 1, 2) 
Voltage at Any Input or Output —0.3V toV+ + 0.3V Temperature Range TMIN < Ta < Tmax 
Input Current at Any Pin (Note 3) 5mA ADC10662ClJ, ADC10662CIN, ADC10662CIWM, 
Package Input Current (Note 3) 20 mA ADC10664ClJ, ADC10664CIN, 
ee ADC10664CIWM ; —40°C < Ta < +85°C 
Power Dissipation (Note 4) 875 mW ADC10662CMJ 
ESD Susceptability (Note 5) 2000V ADC10664CMu —55°C < Ty < +125°C 
Soldering Information (Note 6) Supply Voltage Range 4.5V to 5.5V 
N Package (10 Sec) 260°C 
J Package (10 Sec) 300°C 
SO Package: 
Vapor Phase (60 Sec) 215°C 
Infrared (15 Sec) 220°C 


Converter Characteristics 

The following specifications apply for V+ = +5V, VREF(+) = +5V, VREF(—) = GND, and Speed Adjust pin connected to 
ground through a 14.0 kf resistor (Mode 1) or an 8.26 kf resistor (Mode 2) unless otherwise specified. Boldface limits apply 
for Ta = Ty = Twin to Tax; all other limits Ta = Ty = +285°C. 


3 Typical Limit Units 
se (Note 7) [""* (ote 8) | + (Limit 


Integral Linearity Error +0.5 £1.0/+ 1.5 LSB 


Total Unadjusted Error PC eT to +£1.5/+2.0 LSB 


Power Supply Sensitivity tN, LSB 
+t LSB 


V+ = 5V +5%, Vrer = 4.5V 
V+ = 5V +10%, Ver = 4.5V 


THD Total Harmonic Distortion (Note 10) fin = 1 kHz, 4.85 Vp.p dB 
, fin = 50 kHz, 4.85 Vp.p dB (max) 
fin = 100 kHz, 4.85 Vp_p dB 
fin = 240 kHz, 4.85 Vp_p dB 
SNR Signal-to-Noise Ratio (Note. 10) fin = 1 kHz, 4.85 Vp_p dB 
fin = 50 kHz, 4.85 Vp.p dB (min) 
fin = 100 kHz, 4.85 Vp_p dB 
ENOB Effective Number of Bits (Note 10) fin = 1 kHz, 4.85 Vp.p Bits 
fin = 50 kHz, 4.85 Vp.p Bits (min) 
RReEF Reference Resistance 400 2 (min) 
900 Q (max) 
Vrer(+) | VREF(+) Input Voltage | [| wt +0008 | vimax 


vert} [ Warp Vatage [Wc 
vin [nmutVorage | Sd 008] 
vin [ ioutvotage vin 


OFF Channel Input Leakage Current cs = Vt, Vin = Vt 0.01 pA (max) 
ON Channel Input Leakage Current CS = Vt, Vin = Vt +1 pA (max) 


V (min) 
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DC Electrical Characteristics 
The following specifications apply for V+ = +5V, VREF(+) = 5V Vrer(—) = GND, and Speed Adjust pin connected to ground 
through a 14.0 kQ. resistor (Mode 1) or an 8.26 kQ. resistor (Mode 2) unless otherwise specified. Boldface limits apply for Ta = 
Ty = Twin to Tmax; all other limits Ta = Ty = +25°C. 


= == 
ViN(1) Logical ‘‘1”’ Input Voltage yecee | ee V (min) 
Vin. [| togical“o” Iputvotage | vr=aev | S| |v 
NiN(1) Logical ‘1’ Input Current waaeey nn | oes |. 0, pA (max) 
io. | _Leaieal“0" nputurent | Vw ov | 0008 | 9.0 | parma) 


VourT(1) Logical ‘‘1”’ Output Voltage V+ = 4.5V, lout = —360 pA Lt ee _ V (min) 
V (min) 


V+ = 4.5V, lout = —10 pA 
V (max) 


VouT(0) Logical ‘‘0” Output Voltage V+ = 4.5V, lout = 1.6mA 


louT TRI-STATE® Output Current Vout = 5V 0.1 pA (max) 
Vout = OV —0.1 pA (max) 


Dicc DVcc Supply Current CS = S/H = RD =0 ze ioe ee mA (max) 
Alcc AVcc Supply Current CS = S/H = RD=0 ie eee mA (max) 


AC Electrical Characteristics 
The following specifications apply for Vt = +5V, tr = tf = 20 ns, Vrer(+) = 5V; VREF(—) = GND, and Speed Adjust pin 
connected to ground through a 14.0 kf resistor (Mode 1) or an 8.26 kQ. resistor (Mode 2) unless otherwise specified. Boldface 


limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = +25°C. 
Typical Limit 
(Note 7) 
360 466 
360 500 


Units 
Limits) 


Mode 1 Conversion Time 
from Rising Edge of S/H 
to Falling Edge of INT 


ClJ, CIN, 
CIWM Suffixes 
CMJ Suffix 


ns (max) 
ns (max) 


Mode 2 Conversion Time ClJ, CIN, 
CIWM Suffixes ns (max) 
CMJ Suffix ns (max) — 


Access Time (Delay from Falling Mode 1; C, = 100 pF 

Edge of RD to Output Valid). 

Access Time (Delay from Falling Mode 2; ClJ, CIN, CIWM Suffixes 475 616 
Edge of RD to Output Valid) C, = 100 pF CMJ Suffix 475 650 


Minimum Sample Time Mode 1 (Figure 1); (Note 9) fs =a 
RL = 1k, CL = 10 pF 


ns (max) 
ns (max) 


TRI-STATE Control (Delay 
from Rising Edge of RD 
to High-Z State) 


Delay from Rising Edge of RD C. = 100 pF 
to Rising Edge of INT 

Delay from End of Conversion 

to Next Conversion 


t1H: toH 
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AC Electrical Characteristics (continued 

The following specifications apply for V+ = +5V, t, = ty = 20 ns, VrEF(+) = 5V, Vrer(—) = GND, and Speed Adjust pin 
connected to ground through a 14.0 kQ. resistor (Mode 1) or an 8.26 kQ resistor (Mode 2) unless otherwise specified. Boldface 
limits apply for Ta = Ty = Twin to Tay; all other limits Ta = Ty = +25°C. (Continued) 


Typical imi Units 
(Note 7) Limits) 
Multiplexer Control Setup Time 


Multiplexer Hold Time ns (max) 


Analog Input Capacitance 
Logic Output Capacitance 


Logic Input Capacitance 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Electrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditons. 


Note 2: All voltages are measured with respect to GND, unless otherwise specified. 


Note 3: When the input voltage (Vix) at any pin exceeds the power supply rails (Vij < GND or Viy > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by TyMAx: 9ya and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tymax — Ta)/8Ja or the number given in the Absolute Maximum Ratings, whichever is lower. In most 
cases, the maximum derated power dissipation will be reached only during fault conditions. For these devices, Tyyax for a board-mounted device can be found 
from the tables below: 


ADC 10662 ADC 10664 
48 BlJ, Clu, CMJ 44 


BIN, CIN 60 BIN, CIN 53 
BIWM, CIWM 82 BIWM, CIWM 78 


BlJ, ClJ, CMJ 


Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor. 


Note 6: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Typicals represent most likely parametric norm. 
Note 8: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 


Note 9: Accuracy may degrade if tg} or tap is shorter than the value specified. See curves of Accuracy vs tgy and Accuracy vs tap. 
Note 10: THD, SNR, and ENOB are tested in Mode 1. Measuring these quantities in Mode 2 yields similar values, 
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Typical Performance Characteristics 


Zero (Offset) Error Linearity Error Analog Supply Current 
vs Reference Voltage vs Reference Voltage vs Temperature 


ADC 10662/ADC 10664 
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Digital Supply Current Conversion Time Conversion Time 
a vs Temperature sn vs Temperature ge vs Temperature 


= 
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Conversion Time vs Conversion Time vs Spectral Response with 
Speed-Up Resistor Speed-Up Resistor 100 kHz Sine Wave Input 
0 0 


Souroe Impedance = 502 
Sampling Rate = 512 kHz 
S/(N+D) = 59.26 dB 


SIGNAL LEVEL (dB) 


CONVERSION TIME (ns) 
CONVERSION TIME (ns) 


) 
10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 50 100 150 200 250 
SPEED-UP RESISTOR, Req (kM) SPEED-UP RESISTOR, Rgq (kM) FREQUENCY (kHz) 


Spectral Response with 
100 kHz Sine Wave Input 


Source Impedance = 6000 
Sampling Rate = 512 kHz 
S/(N+D) =59.11 dB 


SIGNAL LEVEL (dB) 


FREQUENCY (kHz) 
TL/H/11192-1 
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Typical Performance Characteristics (continued 


Signal-to-Noise + THD Ratio Linearity Change 
vs Signal Frequency vs Speed-Up Resistor 
4 


v990lLD0V/2990lLDaV 


Source Impedance = 6000 
Sampling Rate = 512kHz 


SIGNAL-TO-NOISE+THO RATIO (dB) 
LINEARITY ERROR CHANGE (LSB) 


20k = =50k 100k 


SPEED-UP RESISTOR, Rg, (ki) 


FREQUENCY (Hz) 


Linearity Change vs Linearity Error Change 
Speed-Up Resistor vs Sample Time 
4 1.0 
Mode 2 
mee sale dd 
Vper = 5V 


LINEARITY ERROR CHANGE (LSB) 
LINEARITY ERROR CHANGE (LSB) 
Oo 
wu 


ne al tet | 
“Eve Ghee eee 
eRLCOR Te 
01 | | IN | | | | 
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TL/H/11192-2 
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TRI-STATE Test Circuits and Waveforms 


DATA 
QUTPUT DATA Vou 90% 
OUTPUT GND 


TL/H/11192-4 


ADC10662/ADC 10664 


TL/H/11192-3 


RD 50% 
R, ea 10% 
ADC 10662 DATA ‘oH 
ADC10664 OUTPUT pata Vee Miss 
OUTPUT 10% 


Voi 


TL/H/11192-6 


TL/H/11192-5 


cs 


S/H 


$1 
(ADC 10664 only) U " . 
! 1 


= i] ) 

RD : 
1 1 i 
‘ — p< tNTH 
! I ty 

INT \ \ ) 
Le——'cony, ———>) ae 
; eet tue Yon 
I 


I J y 
DOO - DO eee een eS GD es 
1 1 i} 


TL/H/11192-7 
FIGURE 1. Mode 1 (tap > t)). The conversion time (tconv) is set by the internal timer. 
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Timing Diagrams (Continued) 


cs 


! ; 

$/H and RD \ of \F 
I i] ee oe ee 
I I 


So 


$1 
(ADC 10664 only) 


— 


I 
CU OUCOCOCOCOCCOO.0.0.0,0.0,0.6,. SKK DDI 

VW OOOCCCCCCEOCCOO OO. Oe7, . 
ROKR, Data Valid 


r— 4n» ton 


TL/H/11192-8 
FIGURE 2. Mode 2 (RD Mode). The conversion time (tcrp) includes the 
sampling time and is determined by the internal timer. 


Simplified Block Diagram 


DB9 (MSB) 
DB8 
DB7 
DB6 
DB5 


6-Bit Flash A/D 
(6 MSBs) 


OUTPUT 
LATCH 


6-Bit DAC AND 
TRI-STATE DB4 
BUFFERS DB3 


DB2 
DB1 
DBO (LSB) 


4-Bit Flash A/D 
(4 LSBs) 


< a 2 ak See 


DGND CS RD S/H so s1* 


GND* AGND 


TL/H/11192-9 


*ADC10664 Only 
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Connection Diagrams 


Dual-In-Line Package Dual-In-Line Package 


ADC10662/ADC10664 
° 


ADC 10662 
ADC10664 99 


oon oauw rr wa bd 


DB9 (MSB) 
SPEED ADJ 
DGND 


TL/H/11192-10 
Top View 


TL/H/11192-11 
Top View 


Pin Descriptions 


DVcc, AVcc_ These are the digital and analog positive sup- VREF-» These are the reference voltage inputs. They 
ply voltage inputs. They should always be VREF+ may be placed at any voltage between GND 
connected to the same voltage source, but and Vcc, but Vrer+ must be greater than 
are brought out separately to allow for sepa- VreF—. An input voltage equal to VREF— 
rate bypass capacitors. Each supply pin produces an output code of 0, and an input 
should be bypassed with a 0.1 pF ceramic voltage equal to (Vrer+ — 1 LSB) produces 
capacitor in parallel with a 10 pF tantalum an output code of 1023. 


capacitor to ground. Vino. Vini, These are the analog input pins. The 


INT This is the active low interrupt output. INT Vina, Ving ADC10662 has two inputs (Vino and Vini) 
goes low at the end of each conversion, and and the ADC10664 has four inputs (Vino, 
returns to a high state following the rising Vint» Ving and Ving). The impedance of the 
edge of RD. source should be less than 5002. for best ac- 

S/H This is the Sample/Hold control input. When curacy and conversion speed. For accurate 
this pin is forced low (and GS is low), it caus- conversions, no input pin (even one that is 
es the analog input signal to be sampled and not selected) should be driven more than 
initiates a new conversion. 50 mV above Vcc or 50 mV below ground. 

RD This is the active low Read control input. GND, AGND, These are the power supply ground pins. The 
When this RD and GS are low, any data pres- DGND ADC10662 and ADC10664 have separate 
ent in the output registers will be placed on analog and digital ground pins (AGND and 
the data bus. DGND) for separate bypassing of the analog 

cs This is the active low Chip Select control in- and digital supplies. The ground pins should 
put. When low, this pin enables the RD and be connected to a stable, noise-free system 
S/H pins. ground. Both pins should be returned to the 


same potential. 


SO, S1 These pins select the analog input that will be 
connected to the A/D during the conversion. DBO-DB9 _—‘ These are the TRI-STATE output pins. 
The input is selected based on the state of SPEED ADJ By connecting a resistor between this pin and 
SO and S1 when S/H makes its High-to-Low ground, the conversion time can be reduced. 
transition (See the Timing Diagrams). The The specifications listed in the table of Elec- 
ADC10664 includes both SO and S1. The trical Characteristics apply for a speed adjust 
ADC10662 includes just SO. resistor (Rsa) equal to 14.0 kQ (Mode 1) or 


8.26 kf (Mode 2). See the Typical Perform- 
ance Curves and the table of Electrical Char- 
acteristics. 


222 


Functional Description 


The ADC10662 and ADC10664 digitize an analog input sig- 
nal to 10 bits accuracy by performing two lower-resolution 
“flash” conversions. The first flash conversion provides the 
six most significant bits (MSBs) of data, and the second 
flash conversion provides the four least significant bits 
LSBs). 


Figure 3 is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1024 the resistance of the whole resis- 
tor string. These lower 16 resistors (the LSB Ladder) there- 
fore have a voltage drop of 16/1024, or 1/64 of the total 
reference voltage (VpeF+ — VpReF—) across them. The re- 
mainder of the resistor string is made up of eight groups of 
eight resistors connected in series. These comprise the 
MSB Ladder. Each section of the MSB Ladder has 1% of the 
total reference voltage across it, and each of the LSB resis- 
tors has 1/64 of the total reference voltage across it. Tap 
points across these resistors can be connected, in groups 
of sixteen, to the sixteen comparators at the right-of the 
diagram. 

On the left side of the diagram is a string of seven resistors 
connected between Vper+ and Vraer—. Six comparators 
compare the input voltage with the tap voltages on this re- 
sistor string to provide a low-resolution “estimate” of the 
input voltage. This estimate is then used to control the multi- 
plexer that connects the MSB Ladder to the sixteen com- 
parators on the right. Note that the comparators on the left 
needn’t be very accurate; they simply provide an estimate of 
the input voltage. Only the sixteen comparators on the right 
and the six on the left are necessary to perform the initial 
six-bit flash conversion, instead of the 64 comparators that 
would be required using conventional half-flash methods. 


MSB LADDER 


ESTIMATOR DECODER 


To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that Vij is between 11/16 and 13/16 of Vref. 
The estimator decoder will instruct the comparator MUX to 
connect the 16 comparators to the taps on the MSB ladder 
between 10/16 and 14/16 of Vper. The 16 comparators will 
then perform the first flash conversion. Note that since the 
comparators are connected to ladder voltages. that extend 
beyond the range indicated by the estimator circuit, errors in 
the estimator as large as 1/16 of the reference voltage 
(64 LSBs) will be corrected. This first flash conversion pro- 
duces the six most significant bits of data—four bits in the 
flash itself, and 2 bits in the estimator. 


The remaining four LSBs are now determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second, 
four-bit flash conversion is then decoded, and the full 10-bit 
result is latched. 


Note that the sixteen comparators used in the first flash 
conversion are reused for the second flash. Thus, the mul- 
tistep conversion technique used in the ADC10662 and 
ADC10664 needs only a small fraction of the number of 
comparators that would be required for a traditional flash 
converter, and far fewer than would be used in a conven- 
tional half-flash approach. This allows the ADC10662 and 
ADC10664 to perform high-speed conversions without ex- 
cessive power drain. 


DBO - DBS 


10 


TL/H/11192-12 


FIGURE 3. Block Diagram of the Multistep Converter Architecture 
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Applications Information 


1.0 MODES OF OPERATION 


The ADC10662 and ADC10664 have two basic digital inter- 
face modes. Figure 7 and Figure 2 are timing diagrams for 
the two modes. The ADC10662 and ADC10664 have input 
multiplexers that are controlled by the logic levels on pins 
So and S; when S/H goes low. Table | is a truth table show- 
ing how the input channnels are assigned. 


Mode 1 


In this mode, the S/H pin controls the start of conversion. 
S/H is pulled low for a minimum of 150 ns. This causes the 
comparators in the “coarse” flash converter to become ac- 
tive. When S/H goes high, the result of the coarse conver- 
sion is latched and the “fine” conversion begins. After 
360 ns (typical), INT goes low, indicating that the conversion 
results are latched and can be read by pulling RD low. Note 
that CS must be low to enable S/H or RD. CS is internally 
“ANDed” with S/H and RD; the input voltage is sampled 
when CS and S/H are low, and data is read when CS and 
RD are low. INT is reset high on the rising edge of RD. 


TABLE I. Input Multiplexer Programming 
ADC 10664 


ADC10662 


In Mode 2, also called “RD mode”, the S/H and RD pins 
are tied together. A conversion is initiated by pulling both 
pins low. The A/D converter samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 470 ns (typical) after S/H and RD are 
pulled low, INT goes low, indicating that the conversion is 
completed. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but until 
TINT goes low the data at the output pins will be the result of 
the previous conversion. 


2.0 REFERENCE CONSIDERATIONS 


The ADC10662 and ADC10664 each have two reference 
inputs. These inputs, VaeF+ and VaeF-, are fully differen- 
tial and define the zero to full-scale range of the input signal. 
The reference inputs can be connected to span the entire 
supply voltage range (VaeF— = OV, VReF+ = Voc) for 
ratiometric applications, or they can be connected to differ- 
ent voltages (as long as they are between ground and Vcc) 
when other input spans are required. Reducing the overall 
Vrer span to less than 5V increases the sensitivity of the 
converter (e.g., if Vref = 2V, then 1 LSB = 1.953 mV). 
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Note, however, that linearity and offset errors become larg- 
er when lower reference voltages are used. See the Typical 
Performance Curves for more information. For this reason, 
reference voltages less than 2V are not recommended. 


In most applications, VaeF— will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used in the ADC10662 and 
ADC10664. Vpagr— can be connected to a voltage other 
than ground as long as the voltage source connected to this 
pin is capable of sinking the converter’s reference current 
(12.5 mA Max @ Vper = 5V). If VReF— is connected to a 
voltage other than ground, bypass it with multiple capaci- 
tors. 


Since the resistance between the two reference inputs can 
be as low as 4000, the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should be by- 
passed with a 10 »F tantalum and a 0.1 wF ceramic. 


3.0 THE ANALOG INPUT 


The ADC10662 and ADC10664 sample the analog input 
voltage once every conversion cycle. When this happens, 
the input is briefly connected to an impedance approximate- 
ly equal to 60002. in series with 35 pF. Short-duration current 
spikes can therefore be observed at the analog input during 
normal operation. These spikes are normal and do not de- 
grade the converter’s performance. 


Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 5009 should be used if rated accuracy is to be 
achieved at the minimum sample time (250 ns maximum). If 
the sampling time is increased, the source impedance can 
be larger. If a signal source has a high output impedance, its 
output should be buffered with an operational amplifier. The 
operational amplifier’s output should be well-behaved when 
driving a switched 35 pF/6000 load. Any ringing or voltage 
shifts at the op amp’s output during the sampling period can 
result in conversion errors. 


Correct conversion results will be obtained for input volt- 
ages greater than GND — 50 mV and less than Vt + 
50 mV. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than AVcc and DVcg¢, or 
more than 300 mV lower than GND. If an analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the IC. The sum of all the overdrive currents into 
all pins must be less than 20 mA. When the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits, some sourt of protection scheme should be 
used. A simple network using diodes and resistors is shown 
in Figure 4. 
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FIGURE 4. Typical Connection. Note the multiple bypass capacitors on the reference and power supply pins. If Vper— 
is not grounded, it should also be bypassed to analog ground using multiple capacitors (see 5.0 “Power Supply 
Considerations”). AGND and DGND should be at the same potential. Vjjjo is shown with an input protection network. 


4.0 INHERENT SAMPLE-AND-HOLD 


Because the ADC10662 and ADC10664 sample the input 
signal once during each conversion, they are capable of 
measuring relatively fast input signals without the help of an 
external sample-hold. In a non-sampling successive-approx- 
imation A/D converter, regardless of speed, the input signal 
must be stable to better than +1/2 LSB during each con- 
version cycle or significant errors will result. Consequently, 
even for many relatively slow input signals, the signals must 
be externally sampled and held constant during each con- 
version if a SAR with no internal sample-and-hold is used. 


Because they incorporate a direct sample/hold control in- 
put, the ADC10662 and ADC10664 are suitable for use in 
DSP-based systems. The S/H input allows synchronization 
of the A/D converter to the DSP system’s sampling rate and 
to other ADC10662s, and ADC10664s. 


The ADC10662 and ADC10664 can perform accurate con- 
versions of input signals with frequency components from 
DC to over 250 kHz. 


5.0 POWER SUPPLY CONSIDERATIONS 


The ADC10662 and ADC10664 are designed to operate 
from a +5V (nominal) power supply. There are two supply 
pins, AVcc and DVcc. These pins allow separate external 
bypass capacitors for the analog and digital portions of the 
circuit. To guarantee accurate conversions, the two supply 
pins should be connected to the same voltage source, and 
each should be bypassed with a 0.1 uF ceramic capacitor in 
parallel with a 10 wF tantalum capacitor. Depending on the 
circuit board layout and other system considerations, more 
bypassing may be necessary. 

The ADC10662 and ADC10664 have separate analog and 
digital ground pins for separate bypassing of the analog and 
digital supplies. Their ground pins should be connected to 
the same potential, and all grounds should be ‘‘clean’” and 
free of noise. 
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In.systems with multiple power supplies, careful attention to 
power supply sequencing may be necessary to avoid over- 
driving inputs. The A/D converter’s. power supply pins 
should be at the proper voltage before digital or analog sig- 
nals are applied to any of the other pins. 


6.0 LAYOUT AND GROUNDING 


In order to ensure fast, accurate conversions from the 
ADC10662 and ADC10664, it is necessary to use appropri- 
ate circuit board layout techniques. The analog ground re- 
turn path should be low-impedance and free of noise from 
other parts of the system. Noise from digital circuitry can be 
especially troublesome, so digital grounds should always be 
separate from analog grounds. For best performance, sepa- 
rate ground planes should be provided for the digital and 
analog parts of the system. 


All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter’s input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 


7.0 DYNAMIC PERFORMANCE 


Many applications require the A/D converter to digitize AC 
signals, but conventional DC integral and differential nonlin- 
earity specifications don’t accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
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Applications Information (Continued) 


ic characteristics such as signal-to-noise ratio (SNR) and 
total harmonic distortion (THD), are quantitative measures 
of this capability. 

An A/D converters AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. The 
resulting spectral plot might look like the ones shown in the 
typical performance curves. The large peak is the funda- 
mental frequency, and the noise and distortion components 
(if any are present) are visible above and below the funda- 
mental frequency. Harmonic distortion components appear 
at whole multiples of the input frequency. Their amplitudes 
are combined as the square root of the sum of the squares 
and compared to the fundamental amplitude to yield the 
THD specification. Guaranteed limits for THD are given in 
the table of Electrical Characteristics. 


Signal-to-noise ratio is the ratio of the amplitude at the fun- 
damental frequency to the rms value at all other frequen- 
cies, excluding any harmonic distortion components. Guar- 
anteed limits are given in the Electrical Characteristics table. 
An alternative definition of signal-to-noise ratio includes the 
distortion components along with the random noise to yield 
a signal-to-noise-plus-distortion ration, or S/(N + D). 

The THD and noise performance of the A/D converter will 
change with the frequency of the input signal, with more 
distortion and noise occurring at higher signal frequencies. 
One way of describing the A/D’s performance as a function 
of signal frequency is to make a plot of “effective bits” ver- 
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sus frequency. An ideal A/D converter with no linearity er- 
rors or self-generated noise will have a signal-to-noise ratio 
equal to (6.02n + 1.8) dB, where n is the resolution in bits 
of the A/D converter. A real A/D converter will have some 
amount of noise and distortion, and the effective bits can be 
found by: 


S/(N + D) (dB) — 1.8 
6.02 


where S/(N + D) is the ratio of signal to noise and distor- 
tion, which can vary with frequency. 


As an example, an ADC10662 with a 4.85 Vp_p, 100 kHz 
sine wave input signal will typically have a signal-to-noise- 
plus-distortion ratio of 59.2 dB, which is equivalent to 9.53 
effective bits. As the input frequency increases, noise and 
distortion gradually increase, yielding a plot of effective bits 
or S/(N + D) as shown in the typical performance curves. 


8.0 SPEED ADJUST 


The speed adjust pin is connected to an on-chip current 
source that determines the converter’s internal timing. By 
connecting a resistor between the speed adjust pin and 
ground as shown in Figure 4, the internal programming cur- 
rent is increased, which reduces the conversion time. The 
ADC10662 and ADC10664 are specified and guaranteed for 
operation with Rga = 14.0 kM (Mode 1) or Rsq = 8.26k 
(Mode 2). Smaller resistors will result in faster conversion 
times, but linearity will begin to degrade as Rsa becomes 
smaller (see curves). 


n (effective) = 


CA National 
Semiconductor 


ADC 1241 Self-Calibrating 12-Bit Plus 
Sign wP-Compatible A/D Converter 
with Sample-and-Hold 


General Description Key Specifications 

The ADC1241 is a CMOS 12-bit plus sign successive ap- ™@ Resolution 12 Bits plus Sign 
proximation analog-to-digital converter. On request, the m™ Conversion Time 13.8us (max) 
ADC1241 goes through a self-calibration cycle that adjusts Linearity Error +¥ LSB (+0.0122%). (max) 
positive linearity and full-scale errors to less than +4%LSB @ Zero Error +41LSB (max) 


each and zero error to less than +1 LSB. The ADC1241 
also has the ability to go through an Auto-Zero cycle that 
corrects the zero error during every conversion. 


The analog input to the ADC1241 is tracked and held by the Features 
internal circuitry, and therefore does not require an external @ Self-calibrati 
sample-and-hold. A unipolar analog input voltage range (OV i‘ ing 


to +5V) or a bipolar range (—5V to +5V) canbe accom- © Internal sample-and-hold 
modated with +5V supplies. @ Bipolar input range with +5V supplies and single 


The 13-bit word on the outputs of the ADC1241 gives a 2’s Bias teterange 

complement representation of negative numbers. The digi: ™% No missing codes over temperature 
tal inputs and outputs are compatible with TTL or CMOS __@ TTL/MOS input/output compatible 
logic levels. m@ Standard 28-pin DIP 


@ Positive Full Scale Error +1LSB (max) 
m@ Power Consumption 70mW (max) 


Applications 

@ Digital Signal Processing 

® High Resolution Process Control 
@ Instrumentation 


Simplified Schematic Connection Diagram 
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Absolute Maximum Ratings (notes 1 & 2) Operating Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, Temperature Range TuinS TAS Tmax 
please contact the National Semiconductor Sales ADC1241BlJ, ADC1241ClJ —40°C<Tas+85°C 
Office/Distributors for availability and specifications. ADC1241CMJ —55°C<Tas+125°C 
Supply Voltage (Vcc = DVcc = AVcc) 6.5V DVcc and AVcc Voltage 
Negative Supply Voltage (V~) —6.5V (Notes 6 & 7) 4.5V to 5.5V 
Voltage at Logic Control Inputs —0.3V to (Voc + 0.3V) Negative Supply Voltage (V~) —4.5V to —5.5V 
Voltage at Analog Input (Vin) (V~ —0.3V) to (Vcc + 0.3V) Reference Voltage 
AVoc-DVec (Note 7) 0.3V (Vref: Notes 6 & 7) 3.5V to AVcc + 50 mV 
Input Current at any Pin (Note 3) +5mA 
Package Input Current (Note 3) +20 mA 
Power Dissipation at 25°C (Note 4) 875 mW 
Storage Temperature Range —65°C to + 150°C 
ESD Susceptability (Note 5) 2000V 
Soldering Information 

J Package (10 sec) 300°C 


Converter Electrical Characteristics 

The following specifications apply for Veg = DVcc = AVcc = +5.0V, V- = —5.0V, Vaer = +5.0V, and foL_k = 2.0 MHz 
unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. (Notes 6, 7 
and 8) 


Units 
(Limit) 


Typical Limit 


Parameter Cenditens (Note 9)| (Note 10) 


Symbol 


STATIC CHARACTERISTICS 


Positive Integral ADC1241BlJ After Auto-Cal a ee ae LSB(max) 
Linearity Error ADC1241CMu, ClJ (Notes 11 & 12) Sr LSB max 


Negative Integral ADC1241BlJ After Auto-Cal LSB(max) 
Linearity Error ADC1241CMJ, ClJ (Notes 11 & 12) 


(Seiad 


Differential Linearity After Auto-Cal (Notes 11 & 12) Ch ae | sisiritd 
Zero Error After Auto-Zero or Auto-Cal 
+ 


Repeherusoai Ere _[Atwraieca wong |_| 
FAnaloginput Capacitance | | | 
Vec + 0.05] V(max) 
LSB 


means 
res 
aro 


Zero Error (Note 14) | AVcc = DVcc = 5V £5%, 


Vrer = 4.75V, V— = —5V 5% 


Power Supply 
Sensitivity 
LSB 
DYNAMIC CHARACTERISTICS 


S/(N+D) | Unipolar Signal-to-Noise+ Distortion _ fin = 1 kHz, Vin = 4.85 Vp-p 
Ratio (Note 17) fin = 10 kHz, Vin = 4.85 Vp-p 


ae 
Bipolar Signal-to-Noise+ Distortion Hin=1kHz,Vin=+4.85Vpp | 76 | 
coe fin= 1042. ViIn==485Vnp | 7 [| 
Unipolar Full Power Bandwidth (Note 17) 
faverureting 
a 
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S/(N+D) 


Digital and DC Electrical Characteristics 

The following specifications apply for Veg = DVcc = AVog = +5.0V, V- = —5.0V, VreF = +5.0V, and for. = 2.0 MHz 
unless otherwise specified. Boldface limits apply for Ta = Ty = Tin to Tax; all other limits Ta = Ty = 25°C. 

(Notes 6 and 7) 


Typical 
NG | parameter | conten | (Note 9) 
VIN(1) Logical ‘‘1” Input Voltage for Voc = 5.25V 

All Inputs except CLK IN 
VIN(O) Logical “0” Input Voltage for Voc = 4.75V 

All Inputs except CLK IN 


Vrt CLK IN Positive-Going 
Threshold Voltage 


VT CLK IN Negative-Going 
Threshold Voltage 
VH CLK IN Hysteresis 
[V7 + (min) — V+-(max)] 
Vour(1) Logical “1” Output Voltage Voc = 4.75V: 
louT = —360 pA 


lout = —10 pA 


VouT(0) Logical ‘‘O” Output Voltage Voc = 4.75V 
louT = 1.6mA 


lout TRI-STATE® Output Leakage —0.01 


Limit Units 
(Note 10) (Limits) 


V(min) 


V(max) 


pA(max) 
pA(max) 


V(min) 


V(max) 


V(min) 


° 
Pa 


V(min) 
V(min) 


V(max) 


p.A(max) 
pA(max) 


laine 
Dioo 1 
Alcc AVcc Supply Current 


I~ V— Supply Current folk = 2 MHz, CS = “1” 


mA(min) 
mA(min) 
mA(max) 
mA(max) 
mA(max) 
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AC Electrical Characteristics 
The following specifications apply for DVgc = AVcc = +5.0V, V- = —5.0V, t; = t; = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C: (Notes 6 and 7) 


Limit Units 
(Note 10) (Limits) 


MHz 
- 0.5 MHz(min) 
4.0 MHZ(max) 
% 
40 % (min) 
60 % (max) 


27(1/fcLk) | 27(1/feLtk) + 300 ns (max) 
foux=20mez | a5 [Ts 
Acquisition Time 


Rsource = 5092 | 7(1/fcLk) 7(1/fe_k) + 300 ns (max) 
(Note 15) foLK = 2.0 MHz 3.5 ps 


tz | Auto Zero Time an ee ‘/foux(man 


Symbol Parameter 


foLk Clock Frequency 


Clock Duty Cycle 


Conversion Time 


ps 


ns(min) 


tow 4H 


C, = 100 pF 


tpp(INT) 


‘cat __| Calibration Time P| t396 1/fouk 
tw(GADL | Calibration Pulse Width (Note 16) | 60 | 
twWF)._| Minimum WF Pulse Width a es ae ee ns(min) 
tacc Maximum Access Time C_.= 100 pF 
(Delay from Falling Edge of ns(max) 
TRI-STATE Control (Delay 
from Rising Edge of RD ns(max) 
to Hi-Z State) 
Maximum Delay from Falling Edge of 
ns(max) 
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur, Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 
Note 3: When the input voltage (Vij) at any pin exceeds the power supply rails (Vin < V~ or Vin > (AVcc or DVcc); the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously exceed the power 
supply voltages. 
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tyyax (maximum junction temperature), Oya (package 
T,)/@yq or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, Tjmax = 125°C, and the typical thermal resistance (0 ja) of the 
ADC1241 with CMJ, BlJ, and ClJ suffixes when board mounted is 47°C/W. 
Note 5: Human body model, 100 pF discharged through a 1.5 kf resistor. 
Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the A/D conversion can occur if these diodes are forward biased more than 


fax=20mHz | e8 | 706 | s (maw) 
RD to Output Data Valid) 
a eee! <a 100 
RD or WR to Reset of INT 
Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 
junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is Pomax = (TJmax — 
50 mV. 


DVcc 


TO INTERNAL 
CIRCUITRY 


TL/H/10554-3 
This means that if AVgc and DVcc are minimum (4.75 Vpc) and V~ is maximum (—4.75 Vpc), full-scale must be < 4.8 Vpc. 
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AC Electrical Characteristics (Continued) 


Note 7: A diode exists between AVcc and DVcc as shown below. 


( 
AV TO INTERNAL 
oe CIRCUITRY 


TO INTERNAL 
CIRCUITRY 


Vcc [28) 


TL/H/10554-4 
To guarantee accuracy, it is required that the AVcc and DVcc be connected together to a power supply with separate bypass filters at each Voc pin. 


Note 8: Accuracy is guaranteed at fo_« = 2.0 MHz. At higher and lower clock frequencies accuracy may degrade. See curves in the Typical Performance 
Characteristics Section. 


Note 9: Typicals are at Tj = 25°C and represent most likely parametric norm. 
Note 10: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 


Note 11: Positive linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures 1b and 1c). 


Note 12: The ADC1241’s self-calibration technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration process will 
result in a repeatability uncertainty of +0.20 LSB. 


Note 13: If Ta changes then an Auto-Zero or Auto-Cal cycle will have to be re-started, see the typical performance characteristic curves. 
Note 14: After an Auto-Zero or Auto-Cal cycle at the specified power supply extremes. 


Note 15: If the clock is asynchronous to the falling edge of WR an uncertainty of one clock period will exist in the interval of ta, therefore making the minimum ta = 
6 clock periods and the maximum ta = 7 clock periods. If the falling edge of the clock is synchronous to the rising edge of WR then ta will be exactly 6.5 clock 
periods. 


Note 16: The CAL line must be high before any other conversion is started. 
Note 17: The specifications for these parameters are valid after an Auto-Cal cycle has been completed. 
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FIGURE 1a. Transfer Characteristic 
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AC Electrical Characteristics (Continued) 


+12LSB 


Positive 
Linearity Error 


+8LSB Positive 


Full-Scale 
Error 


Zero Error 
INPUT VOLTAGE 


ia ices 
Negative 


Negative a 

Full-Scale Linearity a 
Error Ear 7 
=-8LSB om 

S 

ae 

[4 

Ltt) 


OUTPUT CODE 
(from -4096 to +4095) 
TL/H/10554-6 


FIGURE 1b. Simplified Error Curve vs Output Code Without Auto-Cal or Auto-Zero Cycles 
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FIGURE 1c. Simplified Error Curve vs Output Code After Auto-Cal Cycle 
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Typical Performance Characteristics 


Zero Error Change vs 


Zero Error VS VReF Ambient Temperature 


ZERO ERROR (LSB) 


ZERO ERROR CHANGE (LSB) 
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Typical Performance Characteristics (ontinuea) 


LycLOaV 


Linearity Error vs Clock Full Scale Error Change vs 
Frequency Ambient Temperature 


Linearity Error vs Vper 


Voc = DVeg = 45.0V 
Vv" ==5.0V 

fork = 2MHz 
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FIGURE 2. TRI-STATE Test Circuits and Waveforms 
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TL/H/10554-13 


Timing Diagrams (continuea) 
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DVcc (28), 


AVcc (4) 


Vv" 6) 


DGND (14), 
AGND (3) 


Vrer (2) 


Vin (1) 


AZ (6) 


EOC (12) 


TNT (13) 


1.0 Pin Descriptions 


The digital and analog positive power supply 
pins. The digital and analog power. supply 
voltage range of the ADC1241 is +4.5V to 
+5.5V. To guarantee accuracy, it is required 
that the AVcc and DVcc be connected _to- 
gether to the same power supply with sepa- 
rate bypass filters (10 »F tantalum in parallel 
with a 0.1 F ceramic) at each Vcc pin. 

The analog negative supply voltage pin. V— 
has a range of —4.5V to —5.5V and needs a 
bypass filter of 10 F tantalum in parallel with 
a 0.1 pF ceramic. 


The digital and analog ground pins. AGND 


‘and DGND must be connected together ex- 


ternally to guarantee accuracy. 


The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVcc or DVcc by more than 
50 mV or go below 3.5 VDC. 


The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V— by more than 50 mV. 


The Chip Select control input. This input is 
active low and enables the WR and RD func- 
tions. 


The Read control input. With both CS and RD 
low the TRI-STATE output buffers are en- 
abled and the INT output is reset high. 


The Write control input. The converison is 
started on the rising edge of the WR pulse 
when CS is low. 


The external clock input pin. The clock fre- 
quency range is 500 kHz to 4 MHz. 


The Auto-Calibration control input. When 
CAL is low the ADC1241 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of A/D 
conversion. 


The Auto-Zero control input. With the AZ pin 
held low during a conversion, the ADC1241 
goes into an auto-zero cycle before the actu- 
al A/D conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (tc) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 


The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 


The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


DBO-DB12 The TRI-STATE output pins. The output is in 


(15-27) two’s complement format with DB12 the sign 


bit, DB11 the MSB and DBO the LSB. 


2.0 Functional Description 


The ADC1241 is a 12-bit plus sign A/D converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation A/D converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
A/D’s zero error caused by the comparator’s offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC1241 without the need of trimming during its fab- 
rication. An Auto-Cal cycle can restore the accuracy of the 
ADC1241 at any time, which ensures its long term stability. 


2.1 DIGITAL INTERFACE 


On power up, a calibration sequence should be initiated by 
pulsing CAL low with CS, RD, and WR high. To acknowI- 
edge the CAL signal, EOC goes low after the falling edge of 
CAL, and remains low during the calibration cycle of 1396 
clock periods. During the calibration sequence, first the 
comparator’s offset is determined, then the capacitive 
DAC’s mismatch error is found. Correction factors for these 
errors are then stored in internal RAM. 


A conversion is initiated by taking CS and WR low. The AZ 
(Auto Zero) signal line should be tied high or low during the 
conversion process. If AZ is low an auto zero cycle, which 
takes approximately 26 clock periods, occurs before the ac- 
tual conversion is started. The auto zero cycle determines 
the correction factors for the comparator’s offset voltage. If 
AZ is high, the auto zero cycle is skipped. Next the analog 
input is sampled for 7 clock periods, and held in the capaci- 
tive DAC’s ladder structure. The EOC then goes low, signal- 
ing that the analog input is no longer being sampled and 
that the A/D successive approximation conversion has 
started. 


During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC1241. Next EOC goes 
high, and INT goes low to signal the end of the conversion. 
The result can now be read by taking CS and RD low to 
enable the DBO—DB12 output buffers. 


2.0 Functional Description (Continued) 
Digital Control Inputs 
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The table in Figure 7 summarizes the effect of the digital 
control inputs on the function of the ADC1241. The Test 
Mode, where RD is high and CS and CAL are low, is used by 
the factory to thoroughly check out the operation of the 
ADC1241. Care should be taken not to inadvertently be in 
this mode, since DB2, DB3, DB5, and DB6 become active 
outputs, which may cause data bus contention. 


2.2 RESETTING THE A/D 


All internal logic can be reset, which will abort any conver- 
sion in process. The A/D is reset whenever a new conver- 
sion is started by taking CS and WR low. If this is done when 
the analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore 
making it necessary to do an Auto-Cal cycle before the next 
conversion. This is true with or without Auto-Zero. The Cali- 
bration Cycle cannot be reset once started. On power-up 
the ADC1241 automatically goes through a Calibration Cy- 
cle that takes typically 1396 clock cycles. 


Viy = #12V to #15V 


Start Conversion without Auto-Zero 
Read Conversion Result without Auto-Zero 

Start Conversion with Auto-Zero 

Read Conversion Result with Auto-Zero 

Start Calibration Cycle 

Test Mode (DB2, DB3, DB5 and DB6 become active) 


FIGURE 1. Function of the A/D Control Inputs 


FIGURE 2. Low Drift Extremely Stable Reference Circuit 


A/D Function 


3.0 Analog Considerations 


3.1 REFERENCE VOLTAGE 


The voltage applied to the reference input-of the converter 
defines the voltage span of the analog input (the difference 
between Vij and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving VpR¢r must have a 
very low output impedance and very low noise. The circuit in 
Figure 2 is an example of a very stable reference that is 
appropriate for use with the ADC1241. 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. When this 
voltage is the system power supply, the Vrer pin can be 
tied to Voc. This technique relaxes the stability requirement 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for 
given input condition. 


To ADC1241 Veg 
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3.0 Analog Considerations (Continued) 
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FIGURE 3. Analog Input Equivalent Circuit 


For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 


3.2 INPUT CURRENT 


A charging current will flow into or out of (depending on the 
input voltage polarity) of the analog input pin (Vij) on the 
start of the analog input sampling period (ta). The peak val- 
ue of this current will depend on the actual input voltage 
applied. 


3.3 INPUT BYPASS CAPACITORS 


An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 


3.4 INPUT SOURCE RESISTANCE 


The analog input can be modeled as shown in Figure 3. 
External Rg will lengthen the time period necessary for the 
voltage on Crer to settle to within 1% LSB of the analog 
input voltage. With fo_K = 2 MHz ta = 7 clock periods = 
3.5 us, Rg < 1 kQ will allow a 5V analog input voltage to 
settle properly. 


3.5 NOISE 


The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 


3.6 POWER SUPPLIES 


Noise spikes on the Vcc and V_ supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The A/D is especially sensitive during the auto-zero 
or auto-cal procedures to any power supply spikes. Low in 
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ductance tantalum capacitors of 10 »F or greater paralleled 
with 0.1 uF ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors whould be placed 
close to the DVcc, AVcc and V_ pins. If an unregulated 
voltage source is available in the system, a separate 
LM340LAZ-5.0 voltage regulator for the A-to-D’s Vcc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 


3.7 THE CALIBRATION CYCLE 


On power up the ADC1241 goes through an Auto-Cal cycle 
which cannot be interrupted. Since the power supply, refer- 
ence, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the A/D. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for-the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall gain, offset, 
and linearity errors down to the specified limits. It should be 
necessary to go through the calibration cycle only once af- 
ter power up. 


3.8 THE AUTO-ZERO CYCLE 


To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
changes significantly. (See the curved titled “Zero Error 
Change vs Ambient Temperature” in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Vog of the sampled data comparator to 
change, which may cause the zero error of the A/D to be 
greater than +1 LSB. An auto-zero cycle will maintain the 
zero error to +1 LSB or less. 


4.0 Dynamic Performance 


Many applications require the A/D converter to digitize ac 
signals, but the standard dc integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with ac input signals. The important 
specifications for ac applications reflect the converter’s abil- 
ity to digitize ac signals without significant spectral errors 
and without adding noise to the digitized signal. Dynamic 
characteristics such as_ signal-to-noise + distortion ratio 
(S/(N+D)), effective bits, full power bandwidth, aperture 
time and aperture jitter are quantitative measures of the 
A/D converter’s capability. 


An A/D converter’s ac performance can be measured using 
Fast Fourier Transform (FFT) methods. A sinusoidal wave- 
form is applied to the A/D converter’s input, and the trans- 
form is then performed on the digitized waveform. S/ (N+ D) 
is calculated from the resulting FFT data, anda spectral plot 
may also be obtained. Typical values for S/(N+D) are 
shown in the table of Electrical Characteristics, and spectral 
plots are included in the typical performance curves. 


The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N+D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N+ D) drops 3 dB). 


Two sample/hold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC1241 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the A/D 
to respond to the hold command. In the case of the 
ADC1241, the hold command is internally generated. When 
the Auto-Zero function is not being used, the hold command 
occurs at the end of the acquisition window, or seven clock 
periods after the rising edge of the WR. The delay between 
the internally generated hold command and the time that 
the ADC1241 actually holds the input signal is the aperture 
time. For the ADC1241, this time is typically 100 ns. Aper- 
ture jitter is the change in the aperture time from sample to 
sample. Aperture jitter is useful in determining the maximum 
slew rate of the input signal for a given accuracy. For exam- 
ple, an ADC1241 with 100 ps of aperture jitter operating with 
a 5V reference can have an effective gain variation of about 
1 LSB with an input:signal whose slew rate is 12 V// ps. 
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ADC12441 Dynamically-Tested Self-Calibrating 12-Bit 
Plus Sign A/D Converter with Sample-and-Hold 


General Description Applications 


The ADC12441 is a CMOS 12-bit plus sign successive ap- &@ Digital signal processing 
proximation analog-to-digital converter whose dynamic  Telecommunications 
specifications (S/N, THD, etc.) are tested and guaranteed. m Audio 
On request, the ADC12441 goes through a self-calibration  ™ High resolution process control 
cycle that adjusts positive linearity and full-scale errors tO. Instrumentation 

less than +1% LSB each and zero error to less than 


+4 LSB. The ADC12441 also has the ability to go through "eo 
an Auto-Zero cycle that corrects the zero error during every Key Specifications 


conversion. a Resolution 12 bits plus sign 
The analog input to the ADC12441 is tracked and held by © Conversion Time 13.8 ps (max) 
the internal circuitry, and therefore does not require an ex- m Bipolar Signal/ Noise 76.5 dB (min) 
ternal sample-and-hold. A unipolar analog input voltage @ Total Harmonic Distortion —75 dB (max) 
range (OV to +5V) or a bipolar range (—5V to + 5V) can be @ Aperture Time 100 ns 
accommodated with +5V supplies. mw Aperture Jitter 100 PpSrms 
The 13-bit word on the outputs of the ADC12441 givesa2’s ™@ Zero Error +1 LSB (max) 
complement representation of negative numbers. The digi- | @ Positive Full Scale Error +1 LSB (max) 
tal inputs and outputs are compatible with TTL or CMOS _ m Power Consumption @ +5V 70 mW (max) 
logic levels. ’ = Sampling rate 55 kHz (max) 


Features 
@ Self-calibration provides excellent temperature stability 
w Internal sample-and-hold 

@ Bipolar input range with single +5V reference 


Simplified Block Diagram Connection Diagram 
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Dual-In-Line Package 
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DBs Top View 


DBS Order Number 
DB10 ADC12441CMJ or ADC12441ClJ 


DB11 (MSB) See NS Package Number J28A 
DB12 (Sign) 


DBO (LSB) 


Output Latch and Buffers 


EOC 
iNT 
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Absolute Maximum Ratings (notes 1 & 2) Operating Ratings (notes 1&2) 


If Military/Aerospace specified devices are required, Temperature Range Tin < Ta < Tmax 
please contact the National Semiconductor Sales ADC12441ClJ —40°C < Ta < +85°C 
Office/Distributors for availability and specifications. ADC12441CMJ —55°C < Ta < +125°C 
Supply Voltage (Veg = DVcc = AVgc) 6.5V DVcc and AVcc Voltage 
Negative Supply Voltage (V-) —6.5V (Notes 6 & 7) 4.5V to 5.5V 
Voltage at Logic Control Inputs —0.3V to (Veg + 0.3V) Negative Supply Voltage (V-) —4.5V to —5.5V 
Voltage at Analog Inputs Reference Voltage 

(Vin and Veer) (V- —0.3V) to (Vog + 0.3V) (Vrer, Notes 6 & 7) 3.5V to AVcc + 50 mV 
AVcc-DVcc (Note 7) ; 0.3V 
Input Current at Any Pin (Note 3) +5mA 
Package Input.Current (Note 3) ; +20 mA 
Power Dissipation at 25°C (Note 4) 875 mW 
Storage Temperature Range —65°C to + 150°C 
ESD Susceptability (Note 5) 2000V 
Soldering Information 

J Package (10 sec.) 300°C 


Converter Electrical Characteristics 

The following specifications apply for Voc = DVcc = AVcc = +5.0V, V- = —5.0V, VREF = +5.0V, Analog Input Source 
Impedance = 6000, and fo_« = 2.0 MHz unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tyax; 
all other limits T, = Ty = 25°C. (Notes 6, 7 and 8) 


Units 
(Limit) 


Typical Limit 


= 

After Auto-Cal (Notes 11 & 12) 12 
(Notes 12 & 13) 

After Auto-Cal (Note 12) ty 


Power Supply DVcc = 5V +5%, 
Sensitivity VREF = 4.75V, V- = —5V +5% 


H+ 
ob 


+1 
+1/+2 
V- — 0.05 


Analog Input Capacitance 
DYNAMIC CHARACTERISTICS 


Bipolar Effective Bits 
(Note 17) 


fin = 1 kHz, Vin = £4.85V 


fin = 20 kHz, Vin = +4.85V 
fin = 1 KHz, Vi = 4.85 Vp.p 
fin = 10 kHz, Vin = +4.85V 78 
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Unipolar Effective Bits 
(Note 17) 


Bipolar Signal-to-Noise Ratio 
(Note 17) 


Unipolar Signal-to-Noise Ratio 
(Note 17) 
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Converter Electrical Characteristics 
The following specifications apply for Voc = DVcc = AVcco = +5.0V, V~ = —5.0V, Vrer = +5.0V, Analog Input Source 
Impedance = 6009, and fo_k = 2.0 MHz unless otherwise specified. Boldface limits apply for Ta = Ty = Tin to Tmax; 
all other limits Ta = Ty = 25°C. (Notes 6, 7 and 8) (Continued) : 


ADC12441 


Units 
(Limit) 


fin = 1 KHz, Vin = £4-85V [82 | dB 


fin = 19.688 kHz, Vin = +4.85V 
fin = 1 kHz, Vin = 4-85 Vp-p —82 
fin = 19.688 kHz, Vin = 4.85 Vp-p 


fin = 1 kHz, Vin = £4.85V —88 
fin = 10 kHz, Vin = +4.85V —84 
fin = 20 kHz, Vin = +4.85V 


fin = 1 kHz, Vin = 4.85 Vp-p 
fin = 10 kHz, Vin = 4-85 Vp-p 
fin = 20 kHz, Vin = 4-85 Vp-p , = 


82 
Bipolar Two Tone Intermodulation Vin = +£4.85V, fina = 19.375 kHz, _78 
Distortion (Note 17) fino = 20.625 kHz 

Unipolar Two Tone Intermodulation Vin = 4.85 Vp-p, fina = 19.375 kHz, _78 
Distortion (Note 17) fina = 20.625 kHz 

—3 dB Bipolar Full Power Bandwidth Vin = +4.85V (Note 17) 25 
—3 dB Unipolar Full Power Bandwidth Vin = 4.85 Vp.p (Note 17) 30 


Typical Limit 


Parameter (Note 9) | (Note 10) 


Symbol 


DYNAMIC CHARACTERISTICS (Continued) 
THD 


Bipolar Total Harmonic Distortion 
(Note 17) 


a. 
sy) 
3 
& 


THD Unipolar Total Harmonic Distortion 


(Note 17) 


Bipolar Peak Harmonic or 
Spurious Noise (Note 17) 


jon 
ius) 


Unipolar Peak Harmonic or 
Spurious Noise (Note 17) 


dB (max) 


dB (max) 


kHz (Min) 
kHz (Min) 


Digital and DC Electrical Characteristics 

The following specifications apply for DVcc = AVcc = +5.0V, V- = —5.0V, VREF = +5.0V, and folk = 2.0 MHz unless 
otherwise specified. Boldface limits apply for Ta = Ty = Twn to Tmax; all other limits Ta =. Ty = 25°C. 

(Notes 6 and 7) 


Typical Limit Units 
ers ee eee (Note 9) | (Note 10) _| (Limits) 


VIN) Logical “1” Input Voltage for Voc = 5.25V . ae 
All Inputs except CLK IN 
VIN(O) Logical “0” Input Voltage for Voc = 4.75V rina) 
All Inputs except CLK IN 
Vrt CLK IN Positive-Going ; 
Threshold Voltage a8 Vmnin} 
Vt7 CLK IN Negative-Going 
Threshold Voltage =I M rier) 
Vu CLK IN Hysteresis ; 
0. 
[Vr (min) ~ Vr (max) ee ee ae ee ab: 
VouT(1) Logical ‘1” Output Voltage Voc = 4.75V: 
louT = —360 pA V (min) 
lout = —10 pA V (min) 
VouT(0) Logical “0” Output Voltage Voc = 4.75V, lout = 1.6 mA | oa | V (max) 
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Digital and DC Electrical Characteristics 
The following specifications apply for DVcc = AVcc = +5.0V, V- = —5.0V, Vpaer = +5.0V, and foLk = 2.0 MHz unless 
otherwise specified. Boldface limits apply for Ta = Ty = Tin to Tax; all other limits Ta = Ty = 25°C. 


(Notes 6 and 7) (Continued) 
_ Typical Limit 
(Note9) | (Note 10) 


Units 
(Limits) 


TRLSTATE® Output Leakage | Vour=0V | 0.01 *'| 8 
seb [| Vor=v | mt | CY 
Output Source Current | Vor=o  —s—ss| rt |S eo i 
| Outputsink Curent | Vour=5v | 20 «| | min 
| DVoc Supply Curent | foux=2MHcS= | 1 | 2 | 
| AVocSupplyCurent | toux=2MH.cS="1" | 28 | 6 | 
V= Supply Current | tax=2MH,cs=-"1 | 28 | 6 | 
AC Electrical Characteristics 


The following specifications apply for DVgg = AVcc = +5.0V, V- = —5.0V, t, = t; = 20 ns unless otherwise specified. 
Boldface limits apply for Ta, = Ty = Twin to Tmax; all other limits T, = Ty = 25°C. (Notes 6 and 7) 


Typical Limit Units 
P. 
aia Parameter | contin (Note 9) (Note 10) (Limits) 
foLk Clock Frequency 
; MHz (min) 
: MHz (max) 


Clock Duty Cycle % 
40 % (min) 
60 % (max) 


ISOURCE 


f Oo 
ou 


tc Conversion Time 27(1/foLk) (max) 
toe 20MHe | aa6" fe afer 

ta Acquisition Time RsourRce = 500 (max) 
(Note 16) eo pens eel wn age ek el 


ty Auto Zero Time iw 26(1/foLK) (max) 
foLk = 2.0 MHz 13 areas pS 
tca. | Calibration Time pf tp 96¢4rtcg [ma 


foLk = 2.0 MHz 698 | ei Hs (max) 
tw(CaLL_| Calibration Pulse Width (Note 16) | 200 «| nmin) 
twweyi_| Minimum WR Pulse Width ar a | 200 ns in 


tacc Maximum Access Time C_ = 100 pF 
85 ns (max) 


ns (max) 


(Delay from Falling Edge of 
RD to Output Data Valid) 


tou, tH =| TRI-STATE Control R. = 1ka, 
(Delay from Rising Edge of C. = 100 pF 
RD to Hi-Z State) 


tpD(INT) Maximum Delay from Falling Edge of 
RD or WR to Reset of INT 100 ns (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 


Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 


0 


a 


Note 3: When the input voltage (Vij) at any pin exceeds the power supply rails (Vin < V~- or Vin > (AVcc or DVcc), the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously exceed the power 
supply voltages. 
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AC Electrical Characteristics (Continued) 


Note 4: The power dissipation of this device under normal operation should never exceed 169 mW (Quiescent Power Dissipation + TTL Loads on the digital 
outputs). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fault condition (ex. when any inputs or 
outputs exceed the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by TJmax (maximum junction 
temperature), 0) (package junction to ambient thermal resistance), and T, (ambient temperature). The maximum allowable power dissipation at any temperature 
is Ppmax = (Tumax — Ta)/@ya or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, TJmax = 425°C, and the typical thermal 
resistance (0ja) of the ADC12441 with CMJ and Clu suffixes when board mounted is 47°C/W. 

Note 5: Human body model, 100 pF discharged through a 1.5 kf resistor. 

Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the A/D conversion can occur if these diodes are forward biased more than 
50 mV. 


DVcc 


TO INTERNAL 
CIRCUITRY 


TL/H/11017-3 


This means that if AVcc and DVcc are minimum (4.75 Vpc) and V~ is maximum (—4.75 Vpc), full-scale must be < 4.8 Vpc. 
Note 7: A diode exists between AVcc and DVcc as shown below. 


TO INTERNAL 
CIRCUITRY 


AVec 


DV TO INTERNAL 
ce 28) CIRCUITRY 


i} 
‘ TL/H/11017-4 


To guarantee accuracy, it is required that the AVcc and DVcc be connected together to a power supply with separate bypass filters at each Vcc pin. 

Note 8: Accuracy is guaranteed at folk = 2.0 MHz. At higher and lower clock frequencies accuracy may degrade. See curves in the Typical Performance 
Characteristics section. 

Note 9: Typicals are at Ty = 25°C and represent most likely parametric norm. 

Note 10: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 11: Positive linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures 1b and 7c.) 

Note 12: The ADC12441’s self-calibration technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration process will 
result in’a repeatability uncertainty of +0.20 LSB. 

Note 13: If Ta changes then an Auto-Zero or Auto-Cal cycle will have to be re-started (see the Typical Performance Characteristic curves). 

Note 14: After an Auto-Zero or Auto-Cal cycle at the specified power supply extremes. ; 

Note 15: If the clock is asynchronous to the falling edge of WA.an uncertainty of one clock period will exist in the interval of ta, therefore making the minimum 
ta = 6 clock periods and the maximum ta = 7 clock periods. If the falling edge of the clock is synchronous to the rising edge of WR then ta will be exactly 6.5 clock 
periods. 

Note 16: The CAL line must be high before a conversion is started. 

Note 17: The specifications for these parameters are valid after an Auto-Cal cycle has been completed. 

Note 18: The ADC12441 reference ladder is composed solely of capacitors. 


(44095) 0,1411,1111,1111 
(#4094) 0,1111,1111,1110 


oT estvi 


3e i FULL=SCALE 
. TRANSITION 


(2) 0,0000,0000,0010 
(1) 0,0000,0000,0001 


|/——_—_—— (0) 0,0000,0000,0000 


Vrer 


ZERO TRANSITION 


1,1111,1141,1111 (-1) 
1,1111,1111,1110(=2) *VRer 


INPUT VOLTAGE 


OUTPUT CODE 


—recutve 


1,0000,0000,0001 oe 
FULL=SCALE TRANSITION 


1,0000,0000,0000 (=4096) 


ANALOG INPUT VOLTAGE (Vy) 


TL/H/11017-5 
FIGURE 1a. Transfer Characteristic 
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Electrical Characteristics (Continued) 


+12LSB 


Positive 
Linearity Error 


+8LSB Positive 


Full-Scale 
Error 


Zero Error 
INPUT VOLTAGE 


4096 


| +4095 
Negative 


Negative 
Full-Scale 
ae Linearity 


Error 8LSB 


ERROR (LSB) 


‘OUTPUT CODE 
(from -4096 to +4095) 


TL/H/11017-6 
FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Cal or Auto-Zero Cycles 


POSITIVE 
+2LSB LINEARITY _ POSITIVE 


seeiolida FULL-SCALE 
FULL=SCALE NEGATIVE ERROR cane 
ERROR ZERO LINEARITY 


ERROR . 
= i ae ie INPUT VOLTAGE 


NEGATIVE INPUT RANGE 


OUTPUT CODE 
(from =4096 to +4095) 


TL/H/11017-7 


FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Cal Cycle 


Typical Performance Characteristics 


Zero Error Change vs 
Ambient Temperature 


Zero Error vs Vrer 


2 


= 


ZERO ERROR (£LSB) 


ZERO ERROR CHANGE (LSB) 


No Calibration 
No Autozero 


=2 
“55-35-15 5 25 45 65 85 105 125 


AMBIENT TEMPERATURE (°C) 
TL/H/11017-8 
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Typical Performance Characteristics (Continued) 


Linearity Error vs Clock Full Scale Error Change vs 
Frequency Ambient Temperature 
08 


AVog = DVoc = #5.0V 


Linearity Error vs Vrer 
4 


Q V7 ==5.0V 
a a — fay = 2MHz 
s | ty CLK 
3 2 g Veer = #5.0V 
co a & No Calibration 
2 z eZ 9 No Autozero 
fre] fre] Fe 
= —E a 
3 3 3 
z Z ao 

a 

iz 


=1.0 
55-35-15 5 25 45 65 8 105 125 


CLOCK FREQUENCY (MHz) AMBIENT TEMPERATURE (°C) 


Bipolar Signal-to- Unipolar Signal-to- Bipolar Signal-to- 
Noise + Distortion Ratio vs Noise + Distortion Ratio vs Noise + Distortion Ratio vs 
Input Frequency Input Frequency Input Source Impedance 


a ry ry 
2 7 & z 
iy a eo 
z z z 
& S =} 1, =250¢ Sf T= 25°C 
n wn nn 
Voc = Dog = Veer = +5.0V 20 AVec = DVec = VREF =+5.0V 
50 Vv ==5.0V = Vo =-5.0V 
fer = 2 MHz fork = 2 MHz 


Sampling Frequency =55 kHz é Sampling Frequency =55 kHz 
1.0 10 100 1.0 10 100 0 100 200 300 400 500 600 
INPUT FREQUENCY (kHz) INPUT FREQUENCY (kHz) "INPUT SOURCE IMPEDANCE (2) 
Bipolar Signal-to- : _ Unipolar Signal-to- 
Noise + Distortion Ratio vs Noise + Distortion Ratio vs Bipolar Spectral Response 
Input Signal Level Input Signal Level with 10 kHz Sine Wave Input 


Noe = Voc = Veer 2 #5.0V 
Vv ==-5.0V 

foux= 2 MHz 

Sampling Frequency =55 kHz 
S/(HeD) =76.03 4B 


S/(N#D) (dB) 


$/(N#D) (4B) 


SIGNAL LEVEL (dB) 


0 0 
=70 -60 -50 -40 -30 -20 -10 0 =70 =60 -50 -40 -30 -20 -10 0 0 50 110 15 20 2 
INPUT SIGNAL LEVEL (dB) ‘ INPUT SIGNAL LEVEL (dB) , FREQUENCY (kHz) 


Bipolar Spectral Response Unipolar Spectral Response Unipolar Spectral Response 
with 1 kHz Sine Wave Input with 1 kHz Sine Wave Input with 10 kHz Sine Wave Input 


a =Veer= 5.0V om 

Vo ==5.0V 
fox = 2 MHz 
Sampling Frequency =55 kHz 
S/(N#D) = 76.55 dB 


SIGNAL LEVEL (dB) 
N 

SIGNAL LEVEL (dB) 
N 

SIGNAL LEVEL (dB) 


FREQUENCY (kHz) FREQUENCY (kHz) FREQUENCY (kHz) 
TL/H/11017-9 
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Typical Performance Characteristics (continued) 


Bipolar Spectral Response Unipolar Spectral Response 
with 20 kHz Sine Wave Input with 20 kHz Sine Wave Input 


e= 6000 im Rs = 6000 =I] 
Vy =24.85V i 43 L YN=485Vp-p a baal 
48 Tr, =258 a] _ Bi i=2se Sens 
~~ Avoc= Vo =Vaer=#5.0¥ — a 2 Nec = Mie ey PUNY -—4 
==5.0V 5 Ss ==5. [| 
vo 
2 a oh ;+—| 4 
a o Sampling Frequency=SikHz | |_| a Sampling Frequency=5ikHz | | ‘| 
G =24 | S/(Ne0)=75.36 8 as i Ci 294 | S/(N#D)=71.1048 ae a] 
a -_ 
= 48 = -48 
ro) S 
% -72 ONeyE 
cs - a 


FREQUENCY (kHz) FREQUENCY (kHz) 
TL/H/11017-10 TL/H/11017-11 
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TL/H/11017-14 
FIGURE 2. TRI-STATE Test Circuits and Waveforms 


Timing Diagrams 


Auto-Cal Cycle (CS = 1, WR = X, RD = x, AZ = X, X = Don't Care) 


tw(CAL)L 


‘CAL 


Auto=Cal Cycle 


~ 1396 clocks 
EOC \ 
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Timing Diagrams (Continued) 


Normal Conversion with Auto-Zero (CAL = 1, AZ = 0) 


ADC12441 


ty t 
Auto=Zero ~ 26 clocks —|.— Acquisistion 
~ 7 clocks 
ef 
tc 


Conversion 


~ 27 clocks taoc 


TRI=STATE 
DBO-DB12 


ts 
Acqulsistion 
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——————————— 


Conversion 
~ 27 clocks 
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DBO-DB12 
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DVcc (28), 
AVcc (4) 


V~ (8) 


DGND (14), 
AGND (3) 


VreF (2) 


Vin (1) 
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1.0 Pin Descriptions 


The digital and analog positive power supply 
pins. The digital and analog power supply 
voltage range of the ADC12441 is +4.5V to 
+5.5V. To guarantee accuracy, it is required 
that the AVcc and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass filters (10 wF tantalum in parallel 
with a 0.1 4F ceramic) at each Vcc pin. 


The analog negative supply voltage pin. V—- 
has a range of —4.5V to —5.5V and needs a 
bypass filter of 10 .F tantalum in parallel with 
a 0.1 pF ceramic. 


The digital and analog ground pins. AGND 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 


The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVcc or DVcc by more than 
50 mV or go below 3.5 VDC. 


The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V— by more than 50 mV. 

The Chip Select control input. This input is 
active low and enables the WR and RD func- 
tions. 


_ The Read control input. With both CS and RD 


low the TRI-STATE output buffers are en- 
abled and the INT output is reset high. 


The Write control input. The converison is 
started on the rising edge of the WR pulse 
when CS is low. 


The external clock input pin. The clock fre- 
quency range is 500 kHz to 4 MHz. 


The Auto-Calibration control input. When 
CAL is low the ADC12441 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of A/D 
conversion. 


The Auto-Zero control input. With the AZ pin 
held low during a conversion, the ADC12441 
goes into an auto-zero cycle before the actu- 
al A/D conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (tc) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 


The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 


The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


DBO-DB12 The TRI-STATE output pins. The output is in 


(15-27) two’s complement format with DB12 the sign 


bit, DB11 the MSB and DBO the LSB. 


2.0 Functional Description 


The ADC12441 is a 12-bit plus sign A/D converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation A/D converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
A/D’s zero error caused by the comparator’s offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC12441 without the need of trimming during its 
fabrication. An Auto-Cal cycle can restore the accuracy of 
the ADC12441 at any time, which ensures its long term sta- 
bility. 

2.1 DIGITAL INTERFACE 


On power up, a calibration sequence should be initiated by 
pulsing CAL low with CS, RD, and WR high. To acknowl- 
edge the CAL signal, EOC goes low after the falling edge of 
CAL, and remains low during the calibration cycle of 1396 
clock periods. During the calibration sequence, first the 
comparator’s offset is determined, then the capacitive 
DAC’s mismatch error is found. Correction factors for these 
errors are then stored in internal RAM. 


A conversion is initiated by taking CS and WR low. The AZ 
(Auto Zero) signal line should be tied high or low during the 
conversion process. If AZ is low an auto zero cycle, which 
takes approximately 26 clock periods, occurs before the ac- 
tual conversion is started. The auto zero cycle determines 
the correction factors for the comparator’s offset voltage. If 
AZ is high, the auto zero cycle is skipped. Next the analog 
input is sampled for 7 clock periods, and held in the capaci- 
tive DAC’s ladder structure. The EOC then goes low, signal- 
ing that the analog input is no longer being sampled and 
that the A/D successive approximation conversion has 
started. 


During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC12441. Next EOC goes 
high, and INT goes low to signal the end of the conversion. 
The result can now be read by taking CS and RD low to 
enable the DBO-DB12 output buffers. 
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2.0 Functional Description (Continued) 


Digital Control Inputs 


[Digital Controlinputs _| 
[cs | wa | fo | car | az 


The table in Figure 7 summarizes the effect of the digital 
control inputs on the function of the ADC12441. The Test 
Mode, where RD is high and CS and CAL are low, is used 
during manufacture to thoroughly check out the operation of 
the ADC12441. Care should be taken not to inadvertently 
be in this mode, since DB2, DB3, DB5, and DB6 become 
active outputs, which may cause data bus contention. 


2.2 RESETTING THE A/D 


All internal logic can be reset, which will abort any conver- 
sion in process. The A/D is reset whenever a new conver- 
sion is started by taking CS and WR low. If this is done when 
the analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore re- 
quiring an Auto-Cal cycle before the next conversion. This is 
true with or without Auto-Zero. The Calibration Cycle cannot 
be reset once started. On power-up the ADC12441 auto- 
matically goes through a Calibration Cycle that takes typi- 
cally 1396 clock cycles. For reasons that will be discussed 
in Section 3.7, a new calibration cycle needs to be started 
after the completion of the automatic one. 


Viy = #12V to #15V 


LM268BYH=5.0 
10 pF 
Gd BF T 100 
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Start Conversion without Auto-Zero 
Read Conversion Result without Auto-Zero 

Start Conversion with Auto-Zero 

Read Conversion Result with Auto-Zero 

Start Calibration Cycle 

Test Mode (DB2, DB3, DB5 and DB6 become active) 


FIGURE 1. Function of the A/D Control Inputs 


FIGURE 2a. Low Drift Extremely Stable Reference Circuit 


to ADC12441 


= Veet =4+5V 
Errors without any trims: 
25°C —40°C to + 85°C 
to ADC12441 Full Scale +0.075% +0.2% 
AGND Zero +0.024% +0.024% 
Linearity +%LSB +%LSB 


FIGURE 2b. Simple Reference Circuit 


A/D Function 


3.0 Analog Considerations 


3.1 REFERENCE VOLTAGE 


The voltage applied to the reference input of the converter 
defines the voltage span of the analog input.(the difference 
between Vin and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving Vaer must have a 
very low output impedance and very low noise. The circuit in 
Figure 2a is an example of a very stable reference that is 
appropriate for use with the ADC12441. The simple refer- 
ence circuit of Figure 2b may be used when the application 
does not require low full scale errors. 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. When this 
voltage is the system power supply, the VRer pin can be 
tied to Vcc. This technique relaxes the stability requirement 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for 
given input condition. 


To ADC12441 Voc 
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3.0 Analog Considerations (Continued) 


For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 


3.2 INPUT CURRENT 


Because the input network of the ADC12441 is made up of 
a switch and a network of capacitors, a charging current will 
flow into or out of (depending on the input voltage polarity) 
of the analog input pin (Vix) on the start of the analog input 
sampling period (ta). The peak value of this current will de- 
pend on the actual input voltage applied. 


3.3 NOISE 


The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 


3.4 INPUT BYPASS CAPACITORS 


An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 


3.5 INPUT SOURCE RESISTANCE 


The analog input can be modeled as shown in Figure 3. 
External Rg will lengthen the time period necessary for the 
voltage on Cre_r to settle to within 14 LSB of the analog 
input voltage. With fo__ = 2 MHz ta = 7 clock periods = 
3.5 ws, Rg < 1 kQ will allow a 5V analog input voltage to 
settle properly. 


3.6 POWER SUPPLIES 


Noise spikes on the Vcc and V_ supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The A/D is especially sensitive during the auto-zero 
or auto-cal procedures to any power supply spikes. Low in 
ductance tantalum capacitors of 10 .F or greater paralleled 


FIGURE 3. Analog Input Equivalent Circuit 


with 0.1 wF ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors whould be placed 
close to the DVgc, AVcc and V~ pins. If an unregulated 
voltage source is available in the system, a separate 
LM340LAZ-5.0 voltage regulator for the A-to-D’s Voc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 


3.7 THE CALIBRATION CYCLE 


On power up the ADC12441 goes through an Auto-Cal cy- 
cle which cannot be interrupted. Since the power supply, 
reference, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the A/D. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full scale, 
offset, and linearity errors down to the specified limits. Full 
scale error typically changes +0.1 LSB over temperature 
and linearity error changes even less; therefore it should be 
necessary to go through the calibration cycle only once af- 
ter power up, if auto-zero is used to correct the zero error 
change. 


3.8 THE AUTO-ZERO CYCLE 


To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
changes significantly. (See the curved titled “Zero Error 
Change vs Ambient Temperature” in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Vog of the sampled data comparator to 
change, which may cause the zero error of the A/D to be 
greater than +1 LSB. An auto-zero cycle will maintain the 
zero error to +1 LSB or less. 
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4.0 Dynamic Performance 


Many applications require the A/D converter to digitize ac to respond to the hold command. In the case of the 
signals, but the standard dc integral and differential nonlin- ADC12441, the hold command is internally generated. 
earity specifications will not accurately predict the A/D con- When the Auto-Zero function is not being used, the hold 
verter’s performance with ac input signals. The important command occurs at the end of the acquisition window, or 
specifications for ac applications reflect the converter’s abil- seven clock periods after the rising edge of the WR. The 
ity to digitize ac signals without significant spectral errors delay between the internally generated hold command and 
and without adding noise to the digitized signal. Dynamic the time that the ADC12441 actually holds the input signal is 
characteristics such as signal-to-noise ratio (S/N), signal-to- the aperture time. For the ADC12441, this time is typically 
noise + distortion ratio (S/(N+D)), effective bits, full power 100 ns. Aperture jitter is the change in the aperture time 
bandwidth, aperture time and aperture jitter are quantitative from sample to sample. Aperture jitter is useful in determin- 
measures of the A/D converter’s capability. ing the maximum slew rate of the input signal for a given 
An A/D converter’s ac performance can be measured using accuracy. For example, an ADC12441 with 100 ps of aper- 
Fast Fourier Transform (FFT) methods. A sinusoidal wave- ture jitter operating with a 5V reference can have an effec- 
form is applied to the A/D converter’s input, and the trans- tive gain variation of about 1 LSB with an input signal whose 
form is then performed on the digitized waveform. S/(N+D) slew rate is 12 V/ps. 


and S/N are calculated from the resulting FFT data, and a 
spectral plot may also be obtained. Typical values for S/N 
are shown in the table of Electrical Characteristics, and 
spectral plots of S/(N+D) are included in the typical per- 
formance curves. 


The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N+D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N+D) or S/N drops 
3 dB). 


Power Supply Bypassing 


VREF — AVo¢ 


ADC12441 
AGND 


Tl | 


ae a] + 
ie cE pF 


Effective number of bits can also be useful in describing the _ * = 
A/D’s noise performance. An ideal A/D converter will have J Dro wl 
some amount of quantization noise, determined by its reso- = 
lution, which will yield an optimum S/N ratio given by the TL/H/11017-22 
following equation: *Tantalum 

**Ceramic 


S/N = (6.02 X n + 1.8)dB 


where n is the A/D’s resolution in bits. Protecting the Analog Inputs 


The effective bits of a real A/D converter, therefore, can be 
found by: 


S/N(dB)—1.8 


n(effective) = 6.02 


As an example, an ADC12441 with a +5V, 10 kHz sine 
wave input signal will typically have a S/N of 78 dB, which is 
equivalent to 12.6 effective bits. 

Two sample/hold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC12441 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the A/D 
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Note: External protection diodes should be able to withstand the op amp 
current limit. 
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ADC 12451 Dynamically-Tested Self-Calibrating 
12-Bit Plus Sign A/D Converter with Sample-and-Hold 


General Description @ Telecommunications 


B@ High lution P I 
The ADC12451 is a CMOS 12-bit plus sign successive ap- = oo sat ri ieee CREE 
proximation analog-to-digital converter whose dynamic iii a 
specifications (S/N, THD, etc.) are tested and guaranteed. 
On request, the ADC12451 goes through a self-calibration Features ‘ 
cycle that adjusts linearity, zero and full-scale errors. The ™ Self-calibration provides excellent temperature stability 
ADC12451 also has the ability to go through an Auto-Zero _—'m Internal sample-and-hold 
cycle that corrects the zero error during every conversion. H 8-bit wP/DSP interface 
The analog input to the ADC12451 is tracked and held by  @ Bipolar input range with a single +5V reference 
the internal circuitry, so an external sample-and-hold is not oe . 
required. The ADC12451 has a S/H control input which di- Key Specifications 
rectly controls the track-and-hold state of the A/D. A unipo- Resolution 12 bits plus sign 
lar analog input voltage range (OV to +5V) or a bipolar F ‘ 
range (BV és + 5V) ah be me nt +8V sup. a ping aodt Une er als il 
fies > & Sampling Rate 83 kHz (max) 
ae 13 bit data result is available on the eight outputs of the me ibotap signal Notes ee 
- re) : . . 
ADC12451 in two bytes, high-byte first and sign extended. a Tent rina Distortion DALES 
@ Aperture Time 100 ns 


The digital inputs and outputs are compatible with TTL or : 
CMOS logic levels. @ Aperture Jitter 100 PSims 
@ Zero Error +2 LSB (max) 


Applications @ Positive Full-Scale Error +1.5 LSB (max) 
@ Digital Signal Processing m@ Power Consumption @+5V 113 mW (max) 


@ Audio 


Simplified Block Diagram Connection Diagram 


Dual-In-Line Package 


ADC12451 
18 


oon Oak WP = 


DBO/DB8 cs 
DB1/DB9 S/H 
DB2/DB10 DGND 


DB3/DBI1 
DB4/DB12 TL/H/11025-2 


DB5/DB12 Top View 


o 


-_ 
= 


= 
DS 


Output Latch and Buffers 


DB6/DB12 


pe7/oet2 = Ordering Information 


Industrial 
(—40°C < Ta < 85°C) 
ADC12451ClJ J24A 


Military 
(—55°C < Ta < 125°c) | Package 


ADC12451CMJ J24A 


O 
S/H CS WR RD CAL AZ CLKIN TL/H/11025-1 
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Absolute Maximum Ratings (notes 1 & 2) Operating Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, Temperature Range Tmin < Ta < Tmax 
please contact the National Semiconductor Sales ADC12451ClJ —40°C < Ta < +85°C 
Office/Distributors for availability and specifications. ADC12451CMJ —55°C < Ta < +125°C 
Supply Voltage (Vcc = DVcc = AVcc) 6.5V DVcc and AVcc Voltage 
Negative Supply Voltage (V-~) —6.5V (Notes 6 & 7) 4.5V to 5.5V 
Voltage at Logic Control Inputs —0.3V to (Voc + 0.3V) Negative Supply Voltage (V~) —4.5V to —5.5V 
Voltage at Analog Inputs Reference Voltage 

(Vin, VREF) (V- —0.3V) to (Voc + 0.3V) (VREF; Notes 6 & 7) 3.5V to AVcc + 50 mV 
AVcc-DVcc (Note 7) 0.3V 
Input Current at any Pin (Note 3) +5mA 
Package Input Current (Note 3) +20 mA 
Power Dissipation at 25°C (Note 4) 875 mW 
Storage Temperature Range —65°C to + 150°C 
ESD Susceptability (Note 5) 2000V 
Soldering Information 

J Package (10 Seconds) 300°C 


Converter Electrical Characteristics 

The following specifications apply for Vcc = DVcc = AVcc = +5.0V, V- = —5.0V, Vrer = +5.0V, using S/H input for 
conversion control, and fo.« = 3.5 MHz unless otherwise specified. Boldface limits apply for Ta = Ty = Tin to Tmax; all 
other limits Ta = Ty = 25°C. (Notes 6, 7 and 8) 


Units 
(Limit) 


Typical | Limit 


Parameter panaitions (Note 9)| (Note 10) 


Symbol 


STATIC CHARACTERISTICS 


After Auto-Cal (Notes 11 & 12) zs Bits 
Zero Error (Notes 12 & 13) LSB 


After Auto-Cal Only a> 71 +2/+3.0 | LSB(max) 


12 
AZ = “0”, folk = 1.75 MHz 
+4 


Positive Full-Scale Error (Note 12) AZ = “0”, fox = 1.75 MHz LSB 
Auto-Cal Only +1.5/+2.5 | LSB(max) 
Negative Full-Scale Error (Note 12) AZ = “0”, foLK = 1.75 MHz | LSB 


Auto-Cal Only 


+1.5/+3.0 | LSB(max) 


vV- -— 0.05 V(min) 
Vec + 0.05] V(max) 


Power Supply Sensitivity | Zero Error (Note 14) | AVcc = DVcc = 5V +5%, — 3 oe LSB 


DYNAMIC CHARACTERISTICS 
Bipolar Effective Bits (Note 17) 


fin = 1 kHz, Vin = +4.85V 


65 
: Bits(min) 


Unipolar Effective Bits (Note 17) 


fin = 1 kHz, Vin = 4.85 Vp-p 


fin = 20.67 kHz, Vin = +4.85V 
fin = 20.67 kHz, Vin = 4.85 Vp-p 


Bits(min) 


Bipolar Signal to Noise Ratio (Note 17) 


fin = 1 kHz, Vin = +4.85V 
fin = 10 kHz, Vin = +4.85V 
fin = 20.67 kHz, Vin = +4.85V 


254 


dB(min) 


Converter Electrical Characteristics (Continued) 
The following specifications apply for Veg = DVcc = AVcc = +5.0V, V7 = —5.0V, VaeF = +5.0V, using S/H input for 
conversion control, and fc_K = 3.5 MHz unless otherwise specified. Boldface limits apply for Ta = Ty = Tyin to Tmax; all 


other limits Ta = Ty = 25°C. (Notes 6, 7 and 8) 
Typical Limit Units 
(Note 9) | (Note 10) | (Limit) 


dB 


DYNAMIC CHARACTERISTICS (Continued) 
Unipolar Signal to Noise Ratio (Note 17) 
dB(min) 
dB 


dB(max) 
dB 

dB(max) 
dB 
dB 
dB 
dB 
dB 
dB 

dB(max) 


[on 
ies] 


fin = 1 kHz, Vin = 4.85 Vp-p 
fin = 10 kHz, Vin = 4.85 Vp-p 
fin = 20.67 kHz, Vin = 4.85 Vp-p 


THD Bipolar Total Harmonic Distortion (Note 17) fin = 1 kHz, Vin = +4.85V 
THD Unipolar Total Harmonic Distortion (Note 17) fin = 1 KHz, Vin = 4.85 Vp.p 


Bipolar Peak Harmonic or Spurious Noise fin = 1 kHz, Vin = +4.85V 
pales) fin = 10 kHz, Vin = +4.85V 
fin: = 20 kHz, Vin = £4.85V 
fin = 1 kHz, Vin = 4.85 Vp-p 
fin = 10 kHz, Vin = 4.85 Vp.p 
fin = 20 kHz, Vin = 4.85 Vp.p 


Bipolar Two Tone Intermodulation Distortion Vin = +£4.85V, fini = 19.375 kHz, _78 
(Note 17) fing = 20 kHz 
Unipolar Two Tone Intermodulation Distortion VIN = 4.85 Vp-p, fina = 19.375 kHz, _78 
(Note 17) fin2 = 20 kHz 


Unipolar Peak Harmonic or Spurious Noise 
(Note 17) 


dB(max) 


kHz(min) 
kHz(min) 


ns 


PSrms 
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Digital and DC Electrical Characteristics 
The following specifications apply for DVcc = AVcc = +5.0V, V— = —5.0V, Vaer = +5.0V, and fo_K = 3.5 MHz unless 
otherwise specified. Boldface limits apply for Ta = Ty = Trin to Tay; all other limits Ta = Ty = 25°C. (Notes 6 and 7) 


Typical 
di | ammeter | conaton (Note 9) 
VIN(1) Logical ‘‘1” Input Voltage for Voc = 5.25V 

All Inputs except CLK IN 
VIN) Logical ‘‘0” Input Voltage for Voc = 4.75V 

All Inputs except CLK IN 


lin(4) Logical “1” Input Current Vin = 5V 


lin) Logical ‘‘0” Input Current 


Vrt CLK IN Positive-Going 
Threshold Voltage 


V7 CLK IN Negative-Going 
Threshold Voltage 


Limit Units 
(Note 10) (Limit) 


V(min) 


V(max) 


pA(max) 


pA(max) 
2 V(min) 
2 V(max) 


Vu CLK IN Hysteresis ; 
[Vr+ (min) — V7—(max)] 


VoUuT(1) Logical “1” Output Voltage Voc = 4.75V: 
louT = —360 pA 
louT = —10 pA 


VourT(o) Logical “‘0”’ Output Voltage Voc = 4.75V. 
louT = 1.6mA 
lout TRI-STATE® Output Leakage 0.01 


ISOURCE Output Source Current A 
ISINK Output Sink Current 
Bice DVco Supply Current : 
Alcc AVcc Supply Current Say 
S 


ie V— Supply Current = yn 


8 
A 
0.7 V(min) 


V(min) 
V(min) 


V(max) 


pA(max) 
pA(max) 
mA(min) 


mA(min) 


mA(max) 


mA(max) 


Nw} 
© | @ 


mA(max) 


AC Electrical Characteristics 
The following specifications apply for DVcc = AVcc = +5.0V, V- = —5.0V, t, = ts = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tay; all other limits Ta = Ty = 25°C. (Notes 6 and 7) 


Parameter Typical Limit Units 
(Note 9) (Note 10) (Limit) 
Clock Frequency MHz 
0.5 
6.0 MHz(max) 


Clock Duty Cycle % 
40 % (min) 
60 % (max) 


27(1/fcoik) | 27(4/ferw) + 250ns 


Conversion Time using WR 


fou = 175MHz,AZ="o" | 184 | 15.65 
Conversion Time using S/H | AZ = “1” 


ps(max) 
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AC Electrical Characteristics (continue) 
The following specifications — . 'DVee = = AVcc = +5.0V, V— = —5.0V, tr = ts = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = = Tin to Tyax; all other limits Ta = Ty = 25°C. (Notes 6 and 7) 


Typical Limit Units 
re Parmeter | eonatons (Note 9) (Note 10) (Limit 
Acquisition Time Rsource = 502. ; 
Internal Acquisition Time 
(when using WR Control Only) a7 7(1/foLK) 701/ferK) (mex) 


tza Auto Zero Time + fuerte 880Moud | | 33(4/ferk) + 250 ns | + 250 ns (max) 
to€00). | Delay from Hold Command | UsingWA Control | 200, | 880 | nama 
to.Faling Edge of FOG | UsingS/HControl | 100 | 80 |_nsimax) 


tGAL Calibration Time 1399 (1/foLk) 1399 (1/feL_k) (max) 
9 ps(max) 


wo 
© 


foLk = 3.5 MHz 


ns(min) 


tw(CAL)L | Calibration Pulse Width (Note 16) 
tw@wryL_| minimum WR Pulse Width 


maximum Access Time CL = 100 pF 
(Delay from Falling Edge of 
RD to Output Data Valid) 


tow, HH TRI-STATE Control (Delay 
from Rising Edge of RD 
to Hi-Z State) 


ns(min) 


ns(max) 


ee) 
Oo 


ns(max) 


tpD(INT) maximum Delay from Falling Edge 


of RD or WR to Reset of INT ns(max) 


wo 
o 


iii 
oa 
oO 


tar Delay between Successive RD Pulses 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 


ns(min) 


Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 

Note 3: When the input voltage (Vij) at any pin exceeds the power supply rails (Vij, < V~ or Vin > (AVcc or DVcc), the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously exceed the power 
supply voltages. 

Note 4: The power dissipation of this device under normal operation should never exceed 191 mW (Quiescent Power Dissipation + 1 TTL Load on each digital 
output). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fault condition (ex. when any inputs or 
outputs exceed the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjyax (maximum junction 
temperature), 0a (package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature 
is PpMax = (TyMax — TA)/@ya or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, Tyyax = 150°C, and the typical thermal 
resistance (ja) of the ADC12451 with CM, and Clu suffixes when board mounted is 51°C/W. 

Note 5: Human body model, 100 pF discharged through a 1.5 kf. resistor. 

Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the A/D conversion can occur if these diodes are forward biased more than 
50 mV. This means that if AVccg and DVcc are minimum (4.75 Vpc) and V~ is maximum (—4.75 Vpc), the analog input full-scale voltage must be < +4.8 Voc. 


DVoc 


TO INTERNAL 
CIRCUITRY 


TL/H/11025-4 
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Electrical Characteristics (continued) 


Note 7: A diode exists between AVcc and DVcc as shown below. 


I 
AV TO INTERNAL 
ce CIRCUITRY 


DV TO INTERNAL 
% CIRCUITRY 


i TL/H/11025-5 
To guarantee accuracy, it is required that the AVcc and DVcc be connected together to a power supply with separate bypass filters at each Vcc pin. 


Note 8: Accuracy is guaranteed at fo_« = 3.5 MHz. At higher or lower clock frequencies accuracy may degrade, see the typical performance characteristic curves. 
Note 9: Typicals are at Tj = 25°C and represent most likely parametric norm. 
Note 10: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 


Note 11: Positive linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures 1b and 1c). 


Note 12: The ADC12451’s self-calibration technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration process will 
result in a repeatability uncertainty of +0.20 LSB. 


Note 13: If Ta changes then an Auto-Zero or Auto-Cal cycle will have to be re-started, see the typical performance characteristic curves. 
Note 14: After an Auto-Zero or Auto-Cal cycle at the specified power supply extremes. 


Note 15: When using the WR control to start a conversion if the clock is asynchronous to the rising edge of WR an uncertainty of one clock period will exist in the 
end of the interval of ta, therefore making ta end a minimum 6 clock periods or a maximum 7 clock periods after the rising edge of WR. If the falling edge of the 
clock is synchronous to the rising edge of WR then ta will end exactly 6.5 clock periods after the rising edge of WR. This does not occur when S/H control is used. 
Note 16: The CAL line must be high before a conversion is started. 

Note 17: The specifications for these parameters are valid after an Auto-Cal cycle has been completed. 


Note 18: The ADC12451 reference ladder is composed solely of capacitors. 


(#4095) 0,1111,1111,1111 
(#4094) 0,1111,1111,1110 _ 
POSITIVE 
FULL=SCALE 
TRANSITION 


(2) 0,0000,0000,0010 

(1) 0,0000,0000,0001 0 TRANSITIO 

(0) 0,0000,0000,0000 See INPUT VOLTAGE 
1,1111,1111,1111 (=1) 
1,1111,1111,1110 (2) 


lu 
a 
fo] 
oO 
—_ 
> 
- 
> 
fo) 


een 1,0000,0000,0001 (=4095) 
NEGATIVE 1,0000,0000,0000 (-4096) 
FULL=SCALE TRANSITION 
ANALOG INPUT VOLTAGE (Vy) 


TL/H/11025-6 
FIGURE 1a. Transfer Characteristic 
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Electrical Characteristics (continued) 


+12LSB 


Positive 
+8LSB Linearity Error Positive 
Full-Scale 
Error 


Zero Error 
yre INPUT VOLTAGE 


Negative 
Full-Scale 
Error 


Negative ~ 
Linearity 
Error 


ERROR (LSB) 


OUTPUT CODE 
(from -4096 to +4095) 
TL/H/11025-7 


FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Cal or Auto-Zero Cycles 


+3.LSB 


POSITIVE 


+2LSB LINEARITY _ POSITIVE 
ERROR FUL SOALE 


RROR 


NEGATIVE 

FULL=SCALE NEGATIVE 

ERROR ZERO LINEARITY 
ERROR 


ERROR (LSB) 


+1LSB 


——=#- INPUT VOLTAGE 
+4095 


NEGATIVE INPUT RANGE ai58 POSITIVE INPUT RANGE 


OUTPUT CODE 
(from -4096 to +4095) 


FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Cal Cycle 


TL/H/11025-8 


Typical Performance Characteristics 


Zero Error Change vs 
Ambient Temperature Zero Error vs VReF Linearity Error vs Vper 
me DVo¢ = #5.0V . os 
co= Fs 
V==-5.0V ) 
fork =3.5 MHz 
Ta = #25°C 


ZERO ERROR (LSB) 


t 
= 


ZERO ERROR CHANGE (LSB) 
LINEARITY ERROR (%LSB) 


No Calibration 
No Auto=Zero 


=2 
"55-35-15 5 25 45 65 8 105125 


AMBIENT TEMPERATURE (°C) 
TL/H/11025-9 
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Typical Performance Characteristics (Continuea) 


LINEARITY ERROR (£LSB) 


$/(N#D) (dB) 


$/(N#D) (dB) 


SIGNAL LEVEL (dB) 


Linearity Error vs Full Scale Error Change vs 
Clock Frequency 


FULL SCALE ERROR CHANGE (LSB) 


55 35-15 5 25 45 65 8 105 125 
CLOCK FREQUENCY (MHz) AMBIENT TEMPERATURE (°C) 


Bipolar Signal-to- Unipolar Signal-to- 
Noise + Distortion Ratio vs Noise + Distortion Ratio vs 


Input Frequency Input Frequency 
: 90 


S/(N#D) (dB) 


DVec = Moc = Veer =+5.0V Noo = DVoc = VREF =45.0V 
V=-5.0V V7 ==5.0V 

fox = 3.5 MHz foi = 3-5 MHz 

Sampling Frequency = 83 kHz Sampling Frequency = 83 kHz 


INPUT FREQUENCY (kHz) INPUT FREQUENCY (kHz) 


Bipolar Signal-to- 
Noise + Distortion Ratio vs Bipolar Spectral Response 
Input Signal Level with 1 kHz Sine Wave Input 


or 
wii 


SIGNAL LEVEL (dB) 


0 ; 
-70 -60 -50 -40 -30 -20 -10 0 


INPUT SIGNAL LEVEL (dB) FREQUENCY (kHz) 


Bipolar Spectral Response 
with 40 kHz Sine Wave Input 


Bipolar Spectral Response 
with 20 kHz Sine Wave Input 


Noc= Woo = Veer = #5V 
V=-sV 

for, = 3.5 MHz 

Sampling Rate =63 kHz 
S/(N®D) = 70.93 4B 


SIGNAL LEVEL (dB) 


FREQUENCY (kHz) FREQUENCY (kHz) 
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$/(N#D) (a8) 


S/(N#D) (dB) 


SIGNAL LEVEL (dB) 


SIGNAL LEVEL (dB) 


Bipolar Signal-to- 
Noise + Distortion Ratio vs 
Input Source Impedance 


0 AVec = DV op = Ver = #5.0V 
20 | y- =-5.0V 
fork = 3.5 MHz 
Sampling Frequency = 83 kHz 
0: 100 200 300 400 500 600 


INPUT SOURCE IMPEDANCE (2) 


Unipolar Signal-to- 
Noise + Distortion Ratio vs 
Input Signal Level 


Mog = DV og = Veer = #5.0V 
V=-5.0V 

fox =5.5 MHz 

Sampling Frequency 


INPUT SIGNAL LEVEL (dB) 


Bipolar Spectral Response 
with 10 kHz Sine Wave Input 


FREQUENCY (kHz) 


Unipolar Spectral Response 
with 1 kHz Sine Wave Input 


FREQUENCY (kHz) 
TL/H/11025-10 


Typical Performance Characteristics (Continued) 


Unipolar Spectral Response Unipolar Spectral Response 


with 10 kHz Sine Wave Input m with 20 kHz Sine Wave Input 


S 


Sampling Rate =83 kHz 
S/(N#D) =72.01 dB 


Sampling Rate = 83 kHz 
S/(N#D) =71.24 dB 


SIGNAL LEVEL (dB) 


FREQUENCY (kHz) 


Test Circuits 


SIGNAL LEVEL (dB) 
SIGNAL LEVEL (dB) 


FREQUENCY (kHz) 


TL/H/11025-12 


V 
a IN(1) 


Vin(o) 


pata Vee 


OUTPUT 
Vor 


TL/H/11025-14 
FIGURE 2. TRI-STATE Test Circuits and Waveforms 
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Unipolar Spectral Response 


ie with 40 kHz Sine Wave Input 


Rg =500 

Vy=5 Vp 

Ty = 25°C 

AV og = DVog = Veep = #5V 
Vo =-5V 

forx = 3.5 MHz 

Sampling Rate =83 kHz 
S/(N#D) =70.25 dB 


FREQUENCY (kHz) 
TL/H/11025-11 


TL/H/11025-13 
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Timing Diagrams 


Auto-Cal Cycle 


‘CAL 
Auto=Cal Cycle 
1399 clocks 


EOC \ 


TL/H/11025-16 


Using WR Control to Start a Conversion with Auto-Zero (CAL = 1, AZ = 


ia, ee a a a aa Na ee a 
a Si a es i i ae 


‘WWR)L 


Auto=Zero ~ 26 clocks —}+-— Acquisition 
~ 7 clocks 


——————— Ff 
tz, c 
Auto=Zero and Acquisition Conversion 
~ 33 clocks ~ 27 clocks tace 
DBO/DB8=DB7/0B12 


High Byte Low Byte 
DB8-DB12 DBO-DB7 


TL/H/11025-17 
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Timing Diagrams (continued) 


Using WR Control to Start a Conversion without Auto-Zero (CAL 1, AZ = 1) 


Internal Delay 


tw 
~ 7 clocks 


t 


A 
: = 
Acquisition ty (iNT) 


tc 


Conversion 
~ 27 clocks 
DB0/0B8-DB7/0B12 


High Byte Low Byte 
DB8-DB12 0B0=DB7 


TL/H/11025-18 


Using S/H Control to Start a Conversion without Auto-Zero (AZ = 1, CAL = 1) 


1 


el 


to(eoc)L 


‘pa(INT) 


te 
Conversion 
~ 34 clocks 
0B0/088-DB7/DB12 TRI-STATE 


High Byte Low Byte 
DB8-DB12 DBO-DB7 


TL/H/11025-19 
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1.0 Pin Descriptions 


DVcc (24), 
AVcc (4) 


DGND (12), 
AGND (3) 


Vrer (2) 


CLKIN (8) 


CAL (9) 


The digital and analog positive power supply 
pins. The digital and analog power supply 
voltage range of the ADC12451 is +4.5V to 
+5.5V. To guarantee accuracy, it is required 
that the AVcc and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass capacitors (10 uF tantalum in 
parallel with a 0.1 wF ceramic) at each Vcc 
pin. 

The analog negative supply voltage pin. V— 
has a range of —4.5V to —5.5V and needs 
bypass capacitors of 10 F tantalum in paral- 
lel with a 0.1 pF ceramic. 


The digital and analog ground pins. AGND 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 


The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVcc or DVcc by more than 
50 mV or go below +3.5 Voc. 


The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V-— by more than 50 mV. 


The Chip Select control input. This input is 
active low and enables the WR, RD and S/H 
functions. 


The Read control input. With both CS and RD 
low the TRI-STATE output buffers are en- 
abled and the INT output is reset high. 


The Write control input. The conversion is 
started on the rising edge of the WR pulse 
when CS is low. When this control line is 
used the end of the analog input voltage ac- 
quisition window is internally controlled by the 
ADC12451. 


The sample and hold control input. This con- 
trol input can also be used to start a conver- 
sion. With CS low the falling edge of S/H 
starts the analog input acquisition window. 
The rising edge of S/H ends the acquisition 
window and starts a conversion. 


The external clock input pin. The typical clock 
frequency range is 500 kHz to 6.0 MHz. 


The Auto-Calibration control input. When 
CAL is low the ADC12451 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of A/D 
conversion. 


The Auto-Zero control input. With the AZ pin 
held low during a conversion, the ADC12451 
goes into an auto-zero cycle before the actu- 
al A/D conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (tc) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 
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The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 


The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the re- 
sult or starting a conversion or calibration cy- 
cle will reset this output high. 


The TRI-STATE output pins. Twelve bit plus 
sign output data access is accomplished using 
two successive RDs of one byte each, high 
byte first (DB8—DB12). The data format used 
is two’s complement sign bit extended with 
DB12 the sign bit, DB11 the MSB and DBO the 
LSB. 


EOC (22) 


INT (21) 


DBO/DBB - 
DB7/DB12 
(13-20) 


2.0 Functional Description 


The ADC12451 is a 12-bit plus sign A/D converter with the 
capability of doing Auto-Zero or Auto-Calibration routines to 
minimize zero, full-scale and linearity errors. It is a succes- 
sive-approximation A/D converter consisting of a DAC, 
comparator and a successive-approximation register (SAR). 
Auto-Zero is an internal calibration sequence that corrects 
for the A/D’s zero error caused by the comparator’s offset 
voltage. Auto-Cal is a calibration cycle that not only corrects 
zero error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC12451 without the need of trimming during its 
fabrication. An Auto-Cal cycle can restore the accuracy of 
the ADC12451 at any time, which ensures accuracy over 
temperature and time. 


2.1 DIGITAL INTERFACE 


On power up, a calibration sequence should be initiated by 
pulsing CAL low with CS and S/H high. To acknowledge the 
CAL signal, EOC goes low after the falling edge of CAL, and 
remains low during the calibration cycle of 1399 clock peri- 
ods. During the calibration sequence, first the comparator’s 
offset is determined, then the capacitive DAC’s mismatch 
error is found. Correction factors for these errors are then 
stored in internal RAM. 


A conversion is initiated by taking CS and WR low. If AZ is 
low an Auto-Zero cycle, which takes approximately 26 clock 
periods, is inserted before the analog input is sampled and 
the actual conversion is started. AZ must remain low during 
the complete conversion sequence. After Auto-Zero the ac- 
quisition opens and the analog input is sampled for appprox- 
imately 7 clock periods. If AZ is high, the Auto-Zero cycle is 
not inserted after the rising edge of WR. In this case the 
acquisition window opens when the ADC12451 completes a 
conversion, signaled by the rising edge of EOC. At the end 
of the acquisition window EOC goes low, signaling that the 
analog input is no longer being sampled and that the A/D 
successive approximation conversion has started. 


2.0 Functional Description (continuea) 


A conversion sequence can also be controlled by the S/H 
and CS inputs. Taking CS and S/H low starts the acquisition 
window for the analog input voltage. The rising edge of S/H 
immediately puts the A/D in the hold mode and starts the 
conversion. Using S/H will simplify synchronizing the end of 
the acquisition window to other signals, which may be nec- 
essary in a DSP environment. 


During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC12451.Next INT goes 
low, and EOC goes high to signal the end of the conversion. 


The result can now be read by taking CS and RD low to 
enable the DBO/DB8-DB7/DB12 output buffers. The high 
byte of data is relayed first on the data bus outputs as 
shown below: 


DBO/ | DB1/ | DB2/ | DB3/| DB4/ | DB5/ | DB6/ | DB7/ 
DB8 | DB9 | DBi0/ DB1i1| DBi2 | DBi2 | DBi2 | DBi2 


Bit 8 


Taking CS and RD low a second time will relay the low byte 
of data on the data bus outputs as shown below: 


DBO/ | DB1/ | DB2/ | DB3/ | DB4/ | DBS5/ | DB6/ | DB7/ 
DBs | DB9 | DBi0 | DB11 | DB12 | DBi2 | DB12 | DB12 


| uss | sits | Bite | | ite | Bitz | 


The table in Figure 3:summarizes the effect of the digital 
control inputs on the function of the ADC12451. The Test 
Mode, where RD and S/H are high and CS and CAL are 
low, is used during manufacture to thoroughly check out 


Digital Control Inputs 


c “l 
ahh ek ok —_— TN 
<= 
> 

r 


ege-=e= 


the operation of the ADC12451. Care should be taken not to 
inadvertently be in this mode, since DB2, DB3, DB5, and 
DB6 become active outputs, which may cause data bus 
contention. 


2.2 RESETTING THE A/D 


The ADC12451 is reset whenever a new conversion is start- 
ed by taking CS and WR or S/H low. If this is done when the 
analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore re- 
quiring an Auto-Cal cycle before the next conversion. When 
using WR or S/H without Auto-Zero (AZ = 1) to start a 
conversion, a new conversion can be restarted only after 
EOC has gone high signaling the end of the current conver- 
sion. When using WR with Auto-Zero (AZ = 0) a new con- 
version can be restarted during the first 26 clock periods 
after the rising edge of WR (tz) or after EOC has returned 
high without corrupting the Auto-Cal correction factors. 


The Calibration Cycle cannot be reset once started. On 
power-up the ADC12451 automatically goes through a Cali- 
bration Cycle that takes typically 1399 clock cycles. For rea- 
sons that will be discussed in Section 3.8, a new calibration 
cycle needs to be started after the completion of the auto- 
matic one. 


3.0 Analog Considerations 


3.1 REFERENCE VOLTAGE 


The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the.difference 
between Vij and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving Vaerf must have a 
very low output impedance and very low noise. The circuit in 
Figure 4a is an example of a very stable reference that is 
appropriate for use with the ADC12451. The simple refer- 
ence circuit of Figure 4b may be used when the application 
does not require a low full-scale error. 


A/D Function 


Start Conversion without Auto-Zero 

Start Conversion synchronous with rising edge of S/H without Auto-Zero 
Read Conversion Result without Auto-Zero 

Start Conversion with Auto-Zero 

Read Conversion Result with Auto-Zero 

Start Calibration Cycle 

Test Mode (DB2, DB3, DB5, and DB6 become active) 


FIGURE 3. Function of the A/D Control Inputs 
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3.0 Analog Considerations (Continued) 


Viy = #12V to +15V 
9 To ADC12451 Veg = +5V 
O 


+12V to +15V 


* Tantalum 
** Ceramic 


TL/H/11025-20 
FIGURE 4a. Low Drift Extremely Stable Reference Circuit 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. When this 
voltage is the system power supply, the VRer pin can be 
tied to Vcc. This technique relaxes the stability requirement 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 


3.2 ACQUISITION WINDOW 
As shown in the timing diagrams there are three different 


methods of starting a conversion, each of which affects the 
acquisition window and timing. 


With Auto-Zero high a conversion can be started with the 
WR or S/H controls. In either method of starting a conver- 
sion the rising edge of EOC signals the actual beginning of 
the acquisition window. At this time a voltage spike may be 
noticed on the analog input of the ADC12451 whose ampli- 
tude is dependent on the input voltage and the source re- 
sistance. The timing diagrams for these two methods of 
starting a conversion do not show the acquisition window 
starting at this time because the acquisition time (ta) must 
start after the conversion result high and low bytes have 
been read. This is necessary since activating and deactivat- 
ing the digital outputs (DBO/DB7—DB8/DB12) causes cur- 
rent fluctuations in the ADC12451’s internal DVcc lines. 
This generates digital noise which couples into the capaci- 
tive ladder that stores the analog input voltage.. Therefore, 
the time interval between the rising edge of EOC and the 
second read is inappropriate for analog input voltage acqui- 
sition. 

When WR is used to start a conversion with AZ low the 
Auto-Zero cycle is inserted before the acquisition window. In 
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to ADC12451 


AGND 


TL/H/11025-21 

Errors without any trims: 
25°C 

+0.075% 


— 40°C to + 85°C 
Full Scale +0.2% 
Zero +0.024% +0.024% 
Linearity +¥ LSB +%LSB 
FIGURE 4b. Simple Reference Circuit 


this method the acquisition window is internally controlled 
by the ADC12451 and lasts for approximately 7 clock peri- 
ods. Since the acquisition window needs to be at least 
3.5 ps at all times, when using Auto-Zero the maximum 
clock frequency is limited to 2 MHz. The zero error with the 
Auto-Zero cycle is production tested at a clock frequency of 
1.75 MHz. This accommodates easy switching between a 
conversion with the Auto-Zero cycle (fo_K = 1.75 MHz) and 
without (fcLK = 3.5 MHz) as shown in Figure 5. 


to 
ADC12451 
CLK 


TL/H/11025-22 
FIGURE 5. Switching between a Conversion with and 
without Auto-Zero when Using WR Control 


3.3 INPUT CURRENT 


Because. the input network of the ADC12451 is made up of 
a switch and a network of capacitors a charging current will 
flow into or out of (depending on the input voltage polarity) 
of the analog input pin (Vij). on the start of the analog input 
sampling period. The peak value of this current will depend 
on the actual input voltage applied and the source resist- 
ance. 


3.4 NOISE 


The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 


3.0 Analog Considerations (Continued) 


3.5 INPUT BYPASS CAPACITORS 


An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 


3.6 INPUT SOURCE RESISTANCE 


The analog input can be modeled as shown in Figure 6. 
External Rg will lengthen the time period necessary for the 
voltage on Cre_rf to settle to within Y LSB of the analog 
input voltage. With ta = 3.5 us, Rg < 1 kO will allow a 5V 
analog input voltage to settle properly. 


3.7 POWER SUPPLIES 


Noise spikes on the Vcc and V_ supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The A/D is especially sensitive during the Auto-Zero 
or -Cal procedures to any power supply spikes. Low induc- 
tance tantalum capacitors of 10 uF or greater paralleled 
with 0.1 wF ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors should be placed 
close to the DVgc, AVcc and V pins. If an unregulated 
voltage source is available in the system, a separate 
LM340LAZ-5.0 voltage regulator for the A-to-D’s Voc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 


3.8 THE CALIBRATION CYCLE 


On power up the ADC12451 goes through an Auto-Cal cy- 
cle which cannot be interrupted. Since the power supply, 
reference, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the A/D. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full-scale, 
offset, and linearity errors down to the specified limits. Full- 
scale error typically changes +0.2 LSB over temperature 
and linearity error changes even less; therefore it should be 
necessary to go through the calibration cycle only once af- 
ter power up if Auto-Zero is used to correct the zero error 


FIGURE 6. Analog Input Equivalent Circuit 


change. Since Auto-Zero cannot be activated with S/H con- 
version method it may be necessary to do a calibration cy- 
cle more than once. 


3.9 THE AUTO-ZERO CYCLE 


To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
changes significantly. (See the curve titled “Zero Error 
Change vs Ambient Temperature” in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Vog of the sampled data comparator to 
change, which may cause the zero error of the A/D to be 
greater than +1 LSB. An auto-zero cycle will typically main- 
tain the zero error to +1 LSB or less. 


4.0 Dynamic Performance 


Many applications require the A/D converter to digitize ac 
signals, but the standard dc integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with ac input signals. The important 
specifications for ac applications reflect the converter’s abil- 
ity to digitize ac signals without significant spectral errors 
and without adding noise to the digitized signal. Dynamic 
characteristics such as signal-to-noise (S/N), signal-to- 
noise + distortion ratio (S/(N+D)), effective bits, full power 
bandwidth, aperture time and aperture jitter are quantitative 
measures of the A/D converter’s capability. 


An A/D converter’s ac performance can be measured using 
Fast Fourier Transform (FFT) methods. A sinusoidal wave- 
form is applied to the A/D converter’s input, and the trans- 
form is then performed on the digitized waveform. S/ (N+D) 
and S/N are calculated from the resulting FFT data, anda 
spectral plot may also be obtained. Typical values for S/N 
are shown in the table of Electrical Characteristics, and 
spectral plots of S/(N+D) are included in the typical per- 
formance curves. 


The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N+D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N+D) or S/N drops 
3 dB). 
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4.0 Dynamic Performance (continue) 


Effective number of bits can also be useful in describing the 
A/D’s noise performance. An ideal A/D converter will have 
some amount of quantization noise, determined by its reso- 
lution, which will yield an optimum S/N ratio given by the 
following equation: 
S/N = (6.02 X n + 1.8) dB 

where n is.the A/D’s resolution in bits. 
The effective bits of a real A/D converter, therefore, can be 
found by: j 
S/N(dB) — 1.8 

6.02 
As an example, an ADC12451 with a +5V, 10 kHz sine 
wave input signal will typically have a S/N of 78 GB, which is 
equivalent to 12.6 effective bits. 


n(effective) = 


5.0 Typical Applications 


VREF 


AGND 


Power Supply Bypassing 


ADC12451 


Protecting the Analog Inputs 


Note: External protection diodes should be able to withstand the op amp current limit. 


Two sample/hold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC12451 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the A/D 
to respond to the hold command. In the case of the 
ADC12451, the hold command is internally generated. 
When the Auto-Zero function is not being used, the hold 
command occurs at the end of the acquisition window, or 
seven clock periods after the rising edge of the WR. The 
delay between the internally generated hold command: and 
the time that the ADC12451 actually holds the input signal is 
the aperture time. For the ADC12451, this time is typically 
100 ns. Aperture jitter is the change in the aperture time 
from sample to sample. Aperture jitter is useful in determin- 
ing the maximum slew rate of the input signal for a given 
accuracy. For example, an ADC12451 with 100 ps of aper- 
ture jitter operating with a 5V reference can have an effec- 
tive gain variation of about 1 LSB with an input signal whose 
slew rate is 12 V/ps. 
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General Description 


The ADC1251 is a CMOS 12-bit plus sign successive ap- 
proximation analog-to-digital converter. On request, the 
ADC1251 goes through a self-calibration cycle that adjusts 
for any zero, full scale, or linearity errors. The ADC1251 also 
has the ability to go through an Auto-Zero cycle that cor- 
rects the zero error during every conversion. 

The analog input to the ADC1251 is tracked and held by the 
internal circuitry, so an external sample-and-hold is not re- 
quired. The ADC1251 has an S/H control input which direct- 
ly controls the track-and-hold state of the A/D. A unipolar 
analog input voltage range (0 to +5V) ora bipolar range 
(—5V to +5V) can be accommodated with +5V supplies. 

The 13-bit data result is available on the eight outputs of the 
ADC1251 in two bytes, high-byte first and sign extended. 
The digital inputs and outputs are compatible with TTL or 
CMOS logic levels. 


Features 
® Self-calibration provides excellent temperature stability 
B® Internal sample-and-hold 


Simplified Block Diagram 


Correction 
DAC 


ADC1251 Self-Calibrating 12-Bit Plus Sign 
A/D Converter with Sample-and-Hold 


Output Latch and Buffers 


@ 8-bit uP/DSP interface 

® Bipolar input range with a single +5V reference 
@ No missing codes over temperature 

® TTL/MOS input/output compatible 


Key Specifications 
@ Resolution 

@ Conversion Time 
B® Sampling Rate 
@ Linearity Error 

@ Zero Error 

@ Full Scale Error 
@ Power Consumption @ +5V 


12 bits plus sign 

8 ws (max) 

83 kHz (max) 

+0.6 LSB (+0.0146%) (max) 
+1 LSB (max) 
+1.5 LSB (max) 
113 mW (max) 


Applications 

@ Digital signal processing 

@ High resolution process control 
@ Instrumentation 


Connection Diagram 


Dual-In-Line Package 


ADC1251 
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DBO/DB8 
DB1/DB9 
DB2/DB10 
DB3/DBI1 
DB4/DBI12 
DB5/DB12 
DB6/DB12 
DB7/DB12 


TL/H/11024-2 
Top View 


Ordering Information 


Industrial Packane 
(—40°C < Ta < +85°C) 9 


ADC1251BlJ, ADC1251ClJ | J24A 


Military 
(—55°C < Ta < +125°¢)/Package 


ADC1251CMJ J24A 


TL/H/11024-1 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 


Operating Ratings (notes 1 & 2) 


Temperature Range Tmin < Ta < Tmax 
ADC1251BlJ, ADC1251ClJ —40°C < Ta < +85°C 


Office/Distributors for availability and specifications. ADC1251CMJ —55°C < Tp < +125°C 
Supply Voltage (Voc = DVcc = AVcc) 6.5V DVcc and AVcc Voltage 
Negative Supply Voltage (V—) —6.5V (Notes 6 & 7) 4.5V to 5.5V 
Voltage at Logic Control Inputs —0.3V to (Voc + 0.3V) Negative Supply Voltage (V~) —4,5V to —5.5V 
Voltage at Analog Inputs Reference Voltage 
(VREF VIN) (V- —0.3V) to (Voc + 0.3V) (Vrer; Notes 6 & 7) 3.5V to AVcc+ 50 mV 
AVcc-DVcc (Note 7) 0.3V 
Input Current at Any Pin (Note 3) +5mA 
Package Input Current (Note 3) +20 mA 
Power Dissipation at 25°C (Note 4) 875 mW 
Storage Temperature Range —65°C to + 150°C 
ESD Susceptability (Note 5) 2000V 
Soldering Information 
J Package (10 sec.) 300°C 
Converter Electrical Characteristics - | 
The following specifications apply for Vcc = DVcc = AVcc = +5.0V, V~ = —5.0V, VREF = +5.0V, AZ = “1”, folk = 


3.5 MHz and tested using WR control unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tmax; all other 


limits Ta = Ty = 25°C. (Notes 6, 7 and 8) 


Positive Integral 
Linearity Error 


Negative Integral 
Linearity Error 


Missing Codes After Auto-Cal (Notes 11 and 12) 


Zero Error (Notes 12 and 13) 


Positive Full-Scale Error (Note 12) 


Negative Full-Scale Error (Note 12) 


Power Supply Sensitivity 


Full-Scale Error 


Typical Limit 


STATIC CHARACTERISTICS 


After Auto-Cal 
(Notes 11 & 12) 


After Auto-Cal 
(Notes 11 and 12) 


After Auto-Cal Only 


Zero Error (Note 14) | AVcc = DVcc = 5V 5%, 


Units 
(Limit) 


+0.6 LSB(max) 
+1 LSB(max) 
+1 LSB(max) 
+0.6 LSB(max) 
+4 LSB(max) 
+41 LSB(max) 


+1 LSB(max) 
+2.0/+2.5 | LSB(max) 
+1.5 LSB(max) 
+1.5/42.0 | LSB(max) 
+1.5 LSB(max) 
+1.5/+2.0 | LSB(max) 
pF 
pF 


vV- — 0.05 | V(min) 
Vec + 0.05] V(max) 


+ 
= 


—— -=— — + 9 
Vrer = 4.75V, V 5V +5% +% ae LSB 


Converter Electrical Characteristics (Continued) 
The following specifications apply for Veg = DVgg = AVcc = +5.0V, V- = —5.0v, VREF = +5.0V, AZ = “1” and foLik 
= 3.5 MHz unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tax; all other limits Ta = Ty = 25°C. 


(Notes 6, 7 and 8) 
Typical Limit 


DYNAMIC CHARACTERISTICS 
S/(N+D) fin = 1 kHz, Vin = 4.85 Vp-p bute [ie 


fin = 1 kHz, Vin = +4.85V 


Unipolar Signal-to-Noise + Distortion 
Ratio (Note 17) 


S/(N+D) | Bipolar Signal-to-Noise+ Distortion 


eo es 


—3 dB Unipolar Full Power Bandwidth Vin = 4.85V, (Note 17) | 82 of vee | 
—3 dB Bipolar Full Power Bandwidth Vin = +4.85V, (Note 17) ps || 


Digital and DC Electrical Characteristics 
The following specifications apply for DVgg = AVcc = +5.0V, V- = —5.0V, Vrer = +5.0V, and fcLk = 3.5 MHz unless 
otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits T, = Ty = 25°C. (Notes 6 and 7) 


ae Typical Limit Units 
sates (Note) | (Note to) | (Limit 
VIN(1) Logical “1” Input Voltage for Voc = 5.25V V(min) 
All Inputs except CLK IN 
VIN) Logical ‘‘0” Input Voltage for Voc = 4.75V v(max) 
All Inputs except CLK IN 
Indy pate" Wigton, | Nw BY ign ly OS fon de ean 
Ino aes tytn, tL Mao" hee ea, | eee 


ss CLK IN Positive-Going 
Vr- CLK IN Negative-Going 

Threshold Voltage 24 V(max) 
Vy CLK IN Hysteresis 


VouT(1) Voc = 4.75V: 
louT = —360 pA V(min) 
V(min) 
VouT(o) Logical “0” Output Voltage Voc = 4.75V, V(max) 
lout = 1.6mA 


louT = —10 pA 
lout TRI-STATE® Output Leakage pA(max) 


ISOURCE Output Source Current | Vour=ov | —20 | 0% | mA(min) 
ISINK Output Sink Current | Vor=sv | a | ee mA(min) 
Dioc DVcc Supply Current i ee anys wile te ae mA(max) 
Alcc AVcc Supply Current poked SEO ne ance eh tee mA(max) 
I" Le supivcurent ose Pag HE a9 | ana 
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AC Electrical Characteristics 
The following specifications apply for DVcc = AVcc = +5.0V, v- = —5.0V, tp = t; = 20 ns unless otherwise specified. 
Boldface limits apply for Ta = Ty = Tmin to Tmax; all other limits Ta = Ty = 25°C. (Notes 6 and 7) 


Typical Limit Units 
(Note 9) (Note 10) (Limit) 


Symbol Parameter Conditions 


foLk Clock Frequency MHz 
MHz(min) 
MHz(max) 
Clock Duty Cycle % 
40 %(min) 
60 %(max) 
to _| Conversion Time Using WA | arian [27r/tenw + 280ns| mad 
‘aka t7eMHZAZ—"o"| 154 | 18.68 | ps(mex) 
tc Conversion Time Using S/H Aza 34(1/foik) | 34(1/feLk) + 250ns| (max) 
ta Acquisition Time (Note 15) Resource = 500 as | as ys(min) 
tA Internal Acquisition Time 
(When Using WR Control Only) 7(1/FCLK) 7(1/feLw) mex) 
——ThaetgoTine +aeqislonTins [1 | Steud [asctrtoud + 28000) _ tom) 
Faxai7emz | tas | t9.08 | pstmay 
tp(Eoc)L | Delay from Hold Command Using WR Control 200 [so ns(max) 
eee using S/H Control ft [| 180 nstmax) 
tat | Calibration Time «draco | s99Ctsteu@ | man) 
Fox=seme (| _a@ | 400 | sina 
‘w(GAD). | Calibration Pulse Width Cee nD 
tw(Wey. | Minimum WA Pulse Width a a ee 
tacc. Maximum Access Time Cy. = 100 pF 
(Delay from Falling Edge of ns(max) 
RD to Output Data Valid) 
ton, ti | TRISTATE Control R_ = 1k, CL = 100 pF 
(Delay from Rising Edge of ns(max) 
RD to Hi-Z State) 
tppant) | Maximum Delay from Falling Edge 
of RD or WR to Reset of INT bes Sane 
tRR Delay between Successive RD Pulses ra | « | ns(min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 


Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise specified. 


Note 3: When the input voltage (Vin) at any pin exceeds the power supply rails (Vin < V~ or Vin > (AVcc or DVcc), the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously exceed the power 
supply voltages. , 

Note 4: The power dissipation of this device under normal operation should never exceed 191 mW (Quiescent Power Dissipation + 1 TTL Load on each digital 
output). Caution should be taken not to exceed absolute maximum power rating when the device is operating in severe fault condition (ex. when any inputs or 
outputs exceed the power supply). The maximum power dissipation must be derated at elevated temperatures and is dictated by TJmax (maximum junction 
temperature), 9a (package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature 
is Pomax = (Tumax ~ Ta)/9ua OF the number given in the Absolute Maximum Ratings, whichever is lower. For this device, TJmax = 150°C, and the typical thermal 
resistance (0ja) of the ADC1251 with CMJ, Blu, and ClJ suffixes when board mounted is 51°C/W. 


Note 5: Human body model, 100 pF discharged through a 1.5 kO. resistor. 
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Electrical Characteristics (Continued) 


Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the A/D conversion can occur if these diodes are forward biased more than 
50 mV. This means that if AVoc¢ and DVcc¢ are minimum (4.75 Vpc) and V~ is maximum (—4.75 Vpc), the analog input full-scale voltage must be < +4.8 Voc. 


DVoc 


TO INTERNAL 
CIRCUITRY 


TL/H/11024-4 
Note 7: A diode exists between AVcc and DVcc as shown below. 


I 
AV TO INTERNAL 
cc CIRCUITRY 


TO INTERNAL 
CIRCUITRY 


DVeg 


TL/H/11024-5 
To guarantee accuracy, it is required that the AVcc and DVcc be connected together to a power supply with separate bypass filters at each Voc pin. 


Note 8: Accuracy is guaranteed at foLk = 3.5 MHz. At higher or lower clock frequencies accuracy may degrade. See the Typical Performance Characteristics 
curves. 


Note 9: Typicals are at Ty = 25°C and represent most likely parametric norm. 
Note 10: Limits are guaranteed to National's AOQL (Average Outgoing Quality Level). 


Note 11: Positive linearity error is defined as the deviation of the analog value, expressed in LSBs, from the Straight line that passes through positive full scale and 
zero. For negative linearity error the Straight line passes through negative full scale and zero. (See Figures 1b and 1c). 


Note 12: The ADC1251’s self-calibration technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration process will 
result in a repeatability uncertainty of +0.20 LSB. 


Note 13: If Ta changes then an Auto-Zero or Auto-Cal cycle will have to be re-started. See the typical performance characteristic curves. 
Note 14: After an Auto-Zero or Auto-Cal cycle at the specified power supply extremes. 


Note 15: When using the WR control to start a conversion if the clock is asynchronous to the rising edge of WR an uncertainty of one clock period will exist in the 
end of the interval ta, therefore making ta end a minimum 6 clock Periods or a maximum 7 clock Periods after the rising edge of WR. If the falling edge of the clock 
is synchronous to the rising edge of WR then ta will end exactly 6.5 clock periods after the rising edge of WR. This does not occur when S/H control is used. 


Note 16: The CAL line must be high before a conversion is started. 


Note 17: The specifications for these Parameters are valid after an Auto-Cal cycle has been completed. 
Note 18: The ADC1251 reference ladder is composed solely of capacitors. 
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TL/H/11024-6 


FIGURE 1a. Transfer Characteristic 
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Electrical Characteristics (Continued) 


+12LSB 
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Linearity Error 
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Full-Scale 


Error 


Zero Error 
INPUT VOLTAGE 
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Error Linearity 4 
Error 8 LSB 

= a 

fo} 

a 

oe 
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OUTPUT CODE 
(from =4096 to +4095) 


TL/H/11024-7 
FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Cal or Auto-Zero Cycles 
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OUTPUT CODE 


(from -4096 to +4095) 
TL/H/11024-8 


FIGURE 1c. Simplified Error Curve vs Output Code after Auto-Cal Cycle 


Typical Performance Characteristics 


Zero Error Change vs 
Ambient Temperature Zero Error vS VREF Linearity Error vs VReF 
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Typical Performance Characteristics (Continued) 


Bipolar Signal-to- 
Linearity Error vs Full Scale Error Change Noise + Distortion Ratio vs 
Clock Frequency vs Ambient Temperature Input Source Impedance 
08 10 80 
AV og = DVo¢ = #5.0V ae = 
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Qos} Re : 05 60 
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5° ced : s tH 
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E x 
ig B 5 |v-=-50y | rN AVog = DVc¢ = Vrer = #5.0V 
z 02 S -05 20 | yeas dy 
Ol a fork = 3.5 MHz 
ae z 110 [Ne Auto~Zero ° Sampling Frequency =83 kHz 
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with 20 kHz Sine Wave Input with 40 kHz Sine Wave Input with 1 kHz Sine Wave Input 
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Typical Performance Characteristics (Continued) 


ADC1251 


Unipolar Spectral Response Unipolar Spectral Response Unipolar Spectral Response 
with 10 kHz Sine Wave Input with 20 kHz Sine Wave Input with 40 kHz Sine Wave Input 
20 20 
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Test Circuits 
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TL/H/11024-14 
FIGURE 2. TRI-STATE Test Circuits and Waveforms 
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Timing Diagrams 
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Using WR Control to Start a Conversion with Auto-Zero (CAL = 1, AZ 
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Timing Diagrams (Continued) 


ADC1251 
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Using S/H Control to Start a Conversion without Auto-Zero (AZ = 1, 
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1.0 Pin Descriptions 


DVcc (24), 
AVcc (4) 


(5) 


DGND (12), 
AGND (8) 


VREF (2) 


Vin (1) 


S/H (11) 


CLKIN (8) 


CAL (9) 


The digital and analog positive power supply 
pins. The digital and analog power supply 
voltage range of the ADC1251 is +4.5V to 
+5.5V. To guarantee accuracy, it is required 
that the AVcc and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass capacitors (10 BF tantalum in 
parallel with a 0.1 wF ceramic) at each Voc 
pin. 

The analog negative supply voltage pin. V— 
has a range of —4.5V to —5.5V and needs 
bypass capacitors of 10 #F tantalum in paral- 
lel with a 0.1 wF ceramic. 


The digital and analog ground pins. AGND 
and DGND must be connected together. ex- 
ternally to guarantee accuracy. 


The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVcco or DVcc by more than 
50 mV or go below +3.5 Voc. 


The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V— by more than 50 mV. 


The Chip Select control input. This input is 
active low and enables the WR, RD and S/H 
functions. 


The Read control input. With both CS and RD 
low the TRI-STATE output buffers are en- 
abled and the INT output is reset high. 


The Write control input. The conversion is 
Started on the rising edge of the WR pulse 
when CS is low. When this control line is 
used the end of the analog input voltage ac- 
quisition window is internally controlled by the 
ADC1251. 


The sample and hold control input. This con- 
trol input can also be used to start a conver- 
sion. With CS low the falling edge of S/H 
Starts the analog input acquisition window. 
The rising edge of S/H ends the acquisition 
window and starts a conversion. 


The external clock input pin. The typical clock 
frequency range is 500 kHz to 6.0 MHz. 


The Auto-Calibration control input. When 
CAL is low the ADC1251 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of A/D 
conversion. 


The Auto-Zero control input. With the AZ pin 
held low during a conversion, the ADC1251 
goes into an auto-zero cycle before the actu- 
al A/D conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (tc) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 
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EOC (22) The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 


tion cycle. 


The Interrupt contro! output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


The TRI-STATE output pins. Twelve bit plus 
sign output data access is accomplished us- 
ing two successive RDs of one byte each, 
high byte first (DB8-DB12). The data format 
used is two’s complement sign bit extended 
with DB12 the sign bit, DB11 the MSB and 
DBO the LSB. 


INT (21) 


DBO/DB8- 
DB7/DB12 
(13-20) 


2.0 Functional Description 


The ADC1251 is a 12-bit plus sign A/D converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation A/D converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
A/D’s zero error caused by the comparator’s offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC1251 without the need for trimming during its 
fabrication. An Auto-Cal cycle can restore the accuracy of 
the ADC1251 at any time, which ensures accuracy over 
temperature and time. 


2.1 DIGITAL INTERFACE 


On power up, a calibration sequence should be initiated by 
pulsing CAL low with CS and S/H high. To acknowledge the 
CAL signal, EOC goes low after the falling edge of CAL, and 
remains low during the calibration cycle of 1399 clock peri- 
ods. During the calibration sequence, first the comparator’s 
offset is determined, then the capacitive DAC’s mismatch 
errors are found. Correction factors for these errors are then 
stored in internal RAM. 


A conversion can be initiated by taking CS and WR low. If 
AZ is low an Auto-Zero cycle, which takes approximately 26 
clock periods, is inserted before the analog input is sampled 
and the actual conversion is started. AZ must remain low 
during the complete conversion sequence. After Auto-Zero 
the acquisition opens and the analog input is sampled for 
approximately 7 clock periods. If AZ is high, the Auto-Zero 


' cycle is not inserted after the rising edge of WR. In this case 


the acquisition window opens when the ADC1251 com- 
pletes a conversion, signaled by the rising edge of EOC. At 
the end of the acquisition window EOC goes low, signaling 
that the analog input is no longer being sampled and that 
the A/D successive approximation conversion has started. 
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2.0 Functional Description (Continued) 


A conversion sequence can also be controlled by the S/H Mode, where RD and S/H are high and CS and CAL are 
and GS inputs. Taking CS and S/H low starts the acquisition low, is used during manufacture to thoroughly check out the 
window for the analog input voltage. The rising edge of S/H operation of the ADC1251. Care should be taken not to in- 
immediately puts the A/D in the hold mode and starts the advertently be in this mode, since DB2, DB3, DB5, and DB6 
conversion. Using S/H will simplify synchronizing the end of become active outputs, which may cause data bus conten- 
the acquisition window to other signals, which may be nec- tion. 


essary in a DSP environment. 


During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- : : ’ : 
mine its polarity. The sign bit is set low for positive input analog input is being sampled or when EOC is low, the 


: . : Auto-Cal correction factors may be corrupted, therefore re- 
voltages and high for negative. Next the MSB of the DAC is quiring an Auto-Cal cycle before the next conversion. When 


set high with the rest of the bits low. If the input voltage is _ as S : > 

greater than the output of the DAC, then the MSB is left pearl ar 37 eed as . ee 

high; otherwise it is set low. The next bit is set high, making Onversion, a Dew Gorversion can 2 nly 

the output of the DAC three quarters or one quarter of full EOG has gone high, signaling ihe end ef ine eaiieguiasinaniea 

scale. A comparison is done and if the input is greater than sion. Who deing WR with ‘Auto- Zero on D) a Hew Cult: 

the new DAC value this bit remains high; if the input is less version can be restarted during the first 26 clock periods 
: after the rising edge of WR (tz) or after EOC has returned 


than the new DAC value the bit is set low. This prootss high without corrupting the Auto-Cal correction factors 
continues until each bit has been tested. The result is then g puny ; are 


stored in the output latch of the ADC1251. Next INT goes The Calibration Cycle cannot be reset once started. On 
low and EOC goes high to signal the end of the conversion. power-up the ADC1251 automatically goes through a Call- 
The result can now be read by taking GS and RD low to bration Cycle that takes typically 1399 clock cycles. For rea- 


enable the DB0/DB8-DB7/DB12 output buffers. The high ue nee clic apie 
byte of data is relayed first on the data bus outputs as ¥ P 


matic one. 
shown below: 3 


DBO/ | DB1/ | D 
DBs | DB9 | D 


2.2 RESETTING THE A/D 


The ADC1251 is reset whenever a new conversion is start- 
ed by taking CS and WR or S/H low. If this is done when the 


3.0 Analog Considerations 


> 


3/| DB4/ | DB5/ | DB6/ | DB7/ 
11 


DB1i2 | DB12 | DBi2 | DBi2 
3.1 REFERENCE VOLTAGE 


i | Sign Bit | Bit | Sign Bit | 

oe tenes Toy : j The voltage applied to the reference input of the converter 
Taking CS ow a second time will relay the low byte defines the voltage span of the analog input (the difference 
of data on the data bus outputs as shown below: between Vin and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
Bio | pB11 | DB12 | DB12 | DB12 | DB12 em - aad ned dip igh aaa ce pee i ap- 
; : plications. The voltage source driving VREF mus ave a 
a [its | ets | site | oitz | very low output impedance and very low noise. The circuit in 
The table in Figure 3 summarizes the effect of the digital Figure 4 is an example of a very stable reference that is 

control inputs on the function of the ADC1251. The Test appropriate for use with the ADC1251. 


© 
3 
rom 
ae) 
1S) 


B2/ | DB3/ | DB4/ | DB5/ | DB6/ | DB7/ 


Digital Control Inputs 


es [wa] s/n] mo [ear [A2| 


A/D Function 


Start Conversion without Auto-Zero 
Start Conversion synchronous with rising edge of S/H without Auto-Zero 
Read Conversion Result without Auto-Zero 

Start Conversion with Auto-Zero 

Read Conversion Result with Auto-Zero 

Start Calibration Cycle 

Test Mode (DB2, DB3, DB5, and DB6 become active) 


FIGURE 3. Function of the A/D Control Inputs 
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3.0 Analog Considerations (continued) 


Vin = #12V to #15V 
O 


+12V to +15V 


O To ADCI251 Veg = +5V 


e 


* + 
1aF | 10 uF | 


s 
0.1 uF | 


*Tantalum 
**Ceramic 


TL/H/11024-20 


FIGURE 4. Low Drift Extremely Stable Reference Circuit 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. When this 
voltage is the system power supply, the Vref pin can be 
tied to Vcc. This technique relaxes the stability requirement 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for a 
given input condition. 


For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 


3.2 ACQUISITION WINDOW 


As shown in the timing diagrams there are three different 
methods of starting a conversion, each of which affects the 
acquisition window and timing. 

With Auto-Zero high a conversion can be started with the 
WR or S/H controls. In either method of starting a conver- 
sion the rising edge of EOC signals the actual beginning of 
the acquisition window. At this time a voltage spike may be 
noticed on the analog input of the ADC1251 whose ampili- 
tude is dependent on the input voltage and the source re- 
sistance. The timing diagrams for these two methods of 
Starting a conversion do not show the acquisition window 
starting at this time because the acquisition time (ta) must 
Start after the conversion result high and low bytes have 
been read. This is necessary since activating and deactivat- 
ing the digital outputs (DB0/DB7-DB8/DB12) causes cur- 
rent fluctuations in the ADC1251’s internal DV¢c lines. This 
generates digital noise which couples into the capacitive 
ladder that stores the analog input voltage. Therefore, the 
time interval between the rising edge of EOC and the sec- 


ond read is inappropriate for analog input voltage acquisi- - 


tion. 


When WR is used to start a conversion with AZ low the 
Auto-Zero cycle is inserted before the acquisition window. In 
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this method the acquisition window is internally controlled 
by the ADC1251 and lasts for approximately 7 clock peri- 
ods. Since the acquisition window needs to be at least 
3.5 ws at all times, when using Auto-Zero the maximum 
clock frequency is limited to 2 MHz. The zero error with the 
Auto-Zero cycle is production tested at a clock frequency of 
1.75 MHz. This accommodates easy switching between a 
conversion with the Auto-Zero cycle (fcLk = 1.75 MHz) and 
without (foLK = 3.5 MHz) as shown in Figure 5. 


TL/H/11024-21 
FIGURE 5. Switching between a Conversion with and 
without Auto-Zero when Using WR Control 


3.3 INPUT CURRENT 


Because the input network of the ADC1251 is made up of a 
switch and a network of capacitors a charging current will 
flow into or out of (depending on the input voltage polarity) 
the analog input pin (Vij) on the start of the analog input 
sampling period. The peak value of this current will depend 
on the actual input voltage applied and the source resist- 
ance. 


3.4 NOISE 


The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 
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3.0 Analog Considerations (Continued) 


3.5 INPUT BYPASS CAPACITORS 


An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 


3.6 INPUT SOURCE RESISTANCE 


The analog input can be modeled as shown in Figure 6. 
External Rg will lengthen the time period necessary for the 
voltage on Cre to settle to within VY, LSB of the analog 
input voltage. With ta = 3.5 ps, Rs < 1 k9 will allow a 5V 
analog input voltage to settle properly. 


3.7 POWER SUPPLIES 


Noise spikes on the Vcc and V~ supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The A/D is especially sensitive during the Auto-Zero 
or -Cal procedures to any power supply spikes. Low induc- 
tance tantalum capacitors of 10 mF or greater paralleled 
with 0.1 wF ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors should be placed 
close to the DVgc, AVcc and V_ pins. If an unregulated 
voltage source is available in the system, a’ separate 
LM340LAZ-5.0 voltage regulator for the A-to-D’s Voc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 


3.8 THE CALIBRATION CYCLE 


On power up the ADC1251 goes through an Auto-Cal cycle 
which cannot be interrupted. Since the power supply, refer- 
ence, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the A/D. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full scale, 
offset, and linearity errors down to the specified limits. Full 
scale error typically changes +0.2 LSB over temperature 
and linearity error changes even less; therefore it should be 
necessary to go through the calibration cycle only once af- 
ter power up if Auto-Zero is used to correct the zero error 


change. Since Auto-Zero cannot be activated with S/H con- 
version method it may be necessary to do a calibration cy- 
cle more than once. 


3.9 THE AUTO-ZERO CYCLE 


To correct for any change in the zero (offset) error of the 
A/D, the Auto-Zero cycle can be used. It may be necessary 
to do an Auto-Zero cycle whenever the ambient tempera- 
ture changes significantly. (See the curve titled ‘‘Zero Error 
Change vs Ambient Temperature” in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Vos of the sampled data comparator to 
change, which may cause the zero error of the A/D to be 
greater than +1 LSB. An Auto-Zero cycle will maintain the 
zero error to +1 LSB or less. 


4.0 Dynamic Performance 


Many applications require the A/D converter to digitize AC 
signals, but the standard DC integral and differential nonlin- 
earity specifications will not accurately predict the A/D con- 
verter’s performance with AC input signals. The important 
specifications for AC applications reflect the converter’s 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
ic characteristics such as signal-to-noise + distortion ratio 
(S/(N+D)), effective bits, full power bandwidth, aperture 
time and aperture jitter are quantitative measures of the 
A/D converter’s capability. 


An A/D converter’s AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the A/D converter’s input, and the 
transform is then performed on the digitized waveform. S/ 
(N+D) is calculated from the resulting FFT data, and a 
spectral plot may also be obtained. Typical values for S/ 
(N+D) are shown in the table of Electrical Characteristics, 
and spectral plots are included in the typical performance 
curves. 


The A/D converter’s noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N+D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N+D) drops 3 dB). 


TL/H/11024—22 


FIGURE 6. Analog Input Equivalent Circuit 


4.0 Dynamic Performance (continued) 


Two sample/hold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC1251 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the A/D 
to respond to the hold command. In the case of the 
ADC1251 when using the S/H control to start a conversion, 
the hold command is generated by the rising edge of S/H. 
The delay between the rising edge of S/H and the time that 


5.0 Typical Applications 


AGND 


Power Supply Bypassing 


ADC1251 


Protecting the Analog Inputs 


the ADC1251 actually holds the input signal is the aperture 
time. For the ADC1251, this time is typically 100 ns. Aper- 
ture jitter is the change in the aperture time from sample to 
sample. Aperture jitter is useful in determining the maximum 
slew rate of the input signal for a given accuracy. For exam- 
ple, an ADC1251 with 100 ps of aperture jitter operating with 
a 5V reference can have an effective gain variation of about 
1 LSB with an input signal whose slew rate is 12 V/ ps. 
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LScLOaVv 


DAC0854 


National 


Semiconductor 


General Description 


The DAC0854 is a complete quad 8-bit voltage-output digi- 
tal-to-analog converter that can operate ona single 5V sup- 
ply. It includes on-chip output amplifiers, internal voltage ref- 
erence, and full microprocessor interface. By combining in 
one package the reference, amplifiers, and conversion cir- 
cuitry for four D/A converters, the DAC0854 minimizes wir- 
ing and parts count and is hence ideally suited for applica- 
tions where cost and board space are of prime concern. 


The DAC0854 also has a data readback function, which can 
be used by the microprocessor to verify that the desired 
input word has been properly latched into the DAC0854’s 
data registers. The data readback function simplifies the de- 
sign and reduces the cost of systems which need to verify 
data integrity. 

The logic comprises a MICROWIRET-compatible serial in- 
terface and control circuitry. The interface allows the user to 
write to any one of the input registers or to all four at once. 
The latching registers are double-buffered, consisting of 4 
separate input registers and 4 DAC registers. Double buffer- 
ing allows all 4 DAC outputs to be updated simultaneously. 


The four reference inputs allow the user to configure the 
system to have a separate output voltage range for each 
DAC. The output voltage of each DAC can range between 
0.3V and 2.8V and is a function of Vpias, VRer, and the 
input word. 


Connection Diagram 
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DAC0854 Quad 8-Bit Voltage-Output 
Serial D/A Converter with Readback 
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Features 

w Single +5V supply operation 

m= MICROWIRE serial interface allows easy interface to 
COPS™ family of microcontrollers and others 

g Data readback capability 

m Output data can be formatted to read back MSB or 
LSB first 

w Versatile logic allows selective or global update of the 
DACs 

w Power fail flag 

= Output amplifiers can drive 2 kO load 

@ Synchronous/asynchronous update of the DAC outputs 


Key Specifications 

m Guaranteed monotonic over temperature 

@ Integral linearity error +¥% LSB max 
@ Output settling time 2.7 ws max 
w Supply voltage range 4.5V —5.5V 
B Clock frequency 10 MHz max 
mw Power dissipation (fcLK = 10 MHz) 95 mW max 
@ On-board reference 2.65V +2% 
Applications 


w@ Automatic test equipment 

@ Industrial process controls 

w Automotive controls and diagnostics 
@ Instrumentation 


Ordering Information 


DACO854BIWM, DACO854CIWM 


DAC 


0854CMJ 
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Absolute Maximum Ratings (notes 1 a 2) 


If Military/Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales J Package (10 sec.) 300°C 

Office/Distributors for availability and specifications. N Package (10 sec.) 260°C 

Supply Voltage (AVcc, DVcc) 7V SO Package 

Supply Voltage Difference (AVcc-DVcc) 5.5V Vapor Phase (60 sec.) 215°C 

Voltage at Any Pin (Note 3) GND —0.3V to Infrared (15 sec.) (Note 7) 220°C 
AVcc/DVcc +0.3V Storage Temperature —65°C.to + 150°C 

Input Current at Any Pin (Note 3) 5mA 


Operating Ratings (notes 1 & 2) 


Package Input Current (Note 4) 20 mA ser ciel ao 
Power Dissipation (Note 5) 105 mw ibd y ee oe at . 
ESD Susceptibility (Note 6) 1250V emperature Mange MIN < Ta < Tmax 


DACO854BIN, DACO854CIN, 

DACO0854BlJ, DACO854ClJ 

DACO854BIWM, DACO854CIWM = —40°C < Ta < 85°C 
DACO854CMJ —55°C < Ty < 125°C 


Converter Electrical Characteristics . 

The following specifications apply for AVgg = DVcc = 5V, Vrer = 2.65V, Veias = 1.4V, RL = 2k (R_ is the load resistor on 
the analog outputs — pins 1, 11, 14, and 19) and fo_« = 10 MHz unless otherwise specified. Boldface limits apply for Ta 
= Ty from Thin to Trax: All other limits apply for Ta = 25°C. 


_ Typical Limit Units 
Symbol Parameter Conditions 
¥ (Note 8) (Note 9) (Limits) 


STATIC CHARACTERISTICS 


n fax=iomHz | 8 | 8 | _ bits 
(Note 10) ae ae ee 
Integral Linearity Error (Note 11) . 
DACO854BIN, DACO854BlJ, 
DACO854BIWM LSB (max) 
DACO0854CIN, DACO854ClJ 
DACO854CIWM, DAC0854CMJ LSB (max) 
Differential Linearity Error ee ee +1.0 LSB (max) 
Fullscale Error (Note 12) a +35 mV 


Fullscale Error Tempco (Note 13) Ee eee ppm/°C 
(Note 14) a ee 


| Zerotnortempco | Note ta) | 30 | rpm 
| Powersupply Sensitivity | (Notets) | a2 | -3 | aman 
DYNAMIC CHARACTERISTICS 
Settling Time CL = 200 pF 
Settling Time C_ = 200 pF 
| Channelto-Channelisolation | (Note) | 7a | | 
| Gitchenery | ote) | Tvs 
| Peak Value oftargestaiteh | |e | 
PsRR | PowerSupplyRejectionatio | (Notez2)_— | = 49 | 
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Converter Electrical Characteristics (continued) 


The following specifications apply for AVcc = DVcc = 5V, VreF = 2.65V, Vaias = 1.4V, RL = 2 k® (R_ is the load resistor on 
the analog outputs — pins 1, 11, 14, and 19) and fo_x = 10 MHz unless otherwise specified. Boldface limits apply for Ta 
= Ty from Tyin to Tryax: All other limits apply for Ta = 25°C. 


Symbol Parameter Typical paras Unis 
(Note 3) (Note 4) (Limits) 


DIGITAL AND DC ELECTRICAL CHARACTERISTICS 
Logical “1” Input Voltage 
Logical ‘‘0”’ Input Voltage 


Digital Input Leakage Current 
Input Capacitance 
Output Capacitance 


Logical “1’’ Output Voltage 
Logical “‘0’’ Output Voltage 


Input Voltage Range 


Input Resistance kQ, (min) 
kQ, (max) 


Input Capacitance Full-Scale Data Input 


Vailas Input Voltage Range 


Input Leakage 
Input Capacitance 


0<IL<4mA 
0 < IL < 4mA; CMJ Suffix 
—1<IL<OmA 


ns (min) 
ns (rin 
ns (rin 
ns (rin) 
Miz (man 
ns (rin 
ns (rin 
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Converter Electrical Characteristics (continued) 


The following specifications apply for AVcg = DVcc = 5V, Vrer = 2.65V, Veias = 1.4V, RL = 2k (R_ is the load resistor on 
the analog outputs — pins 1, 11, 14, and 19) and fc_x = 10 MHz unless otherwise specified. Boldface limits apply for Ta 
= Ty from Tyyin to Trax: All other limits apply for Ta = 25°C. 


Typical Limit Units 


Parameter 
(Note 3) (Note 4) (Limits) 


AC ELECTRICAL CHARACTERISTICS (Continued) 


ns (max) 


ns (max) 


CS to Output Hi-Z 10 kQ with 60 pF | 430 ns (max) 


CS to Output Hi-Z 10 kQ with 60 pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Converter Electrical 
Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not 
operated under the listed test conditions. 


ns (max) 


Note 2: All voltages are measured with respect to ground, unless otherwise specified. 


Note 3: When the input voltage (Vij) at any pin exceeds the power supply rails (Vij < GND or Viy > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. 


Note 4: The sum of the currents at all pins that are driven beyond the power supply voltages should not exceed 20 mA. 


Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by TJmax (maximum junction temperature), @ja 
(package junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is 
Ppmax = (TJmax — Ta)/@ya or the number given in the Absolute Maximum Ratings, whichever is lower. The table below details Tjmax and @ a for the various 


packages and versions of the DACO854. 
Part Number Tymax (°C) Oya °C/W) 
46 


DACO854BIN, DACO854CIN 125 
DACO854BlJ, DACO854ClJ 125 
DACO854BIWM, DACO854CIWM 125 
DACO0854CMJ 150 


Note 6: Human body model, 100 pF discharged through a 1.5 kQ resistor. 


Note 7: See AN450 “Surface Mounting Methods and Their Effect on Production Reliability” of the section titled “Surface Mount” found in any current Linear 
Databook for other methods of soldering surface mount devices. 


Note 8: Typicals are at T) = 25°C and represent most likely parametric norm. 
Note 9: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 


Note 10: A monotonicity of 8 bits for the DACO854 means that the output voltage changes in the same direction (or remains constant) for each increase in the input 
code. 


Note 11: Integral linearity error is the maximum deviation of the output from the line drawn between zero and full-scale (excluding the effects of zero error and full- 
scale error). 


Note 12: Full-scale error is measured as the deviation from the ideal 2.800V full-scale output when Vrer = 2.650V and Vajas = 1.400V. 
Note 13: Full-scale error tempco and zero error tempco are defined by the following equation: 
Error (Tax) — Error | 106 


Error tempco = 
VsPAN Tmax — TMIN 


where Error (Tax) is the zero error or full-scale error at Tyyax (in volts), and Error (Twin) is the zero error or full-scale error at Tyyin (in volts); Vspan is the output 
voltage span of the DAC0854, which depends on Vgjas and Vper. 


Note 14: Zero error is measured as the deviation from the ideal 0.310V output when Vaer = 2.650V, Vaias = 1.400V, and the digital input word is all zeros. 


Note 15: Power Supply Sensitivity is the maximum change in the offset error or the full-scale error when the power supply differs from its optimum 5V by up to 
0.25V (5%). The load resistor RL = 5 kQ. 


Note 16: Positive or negative settling time is defined as the time taken for the output of the DAC to settle to its final full-scale or zero output to within +0.5 LSB. 
This time shall be referenced to the 50% point of the positive edge of CS, which initiates the update of the analog outputs. 


Note 17: Digital crosstalk is the glitch measured on the output of one DAC while applying an all Os to all 1s transition at the input of the other DACs. 
Note 18: All DACs have full-scale outputs latched and DI is clocked with no update of the DAC outputs. The glitch is then measured on the DAC outputs. 


Note 19: Clock feedthrough is measured for each DAC with its output at full-scale. The serial clock is then applied to the DAC at a frequency of 10 MHz and the 
glitch on each DAC full-scale output is measured. 


Note 20: Channel-to-channel isolation is a measure of the effect of a change in one DAC’s output on the output of another DAC. The Vre_r of the first DAC is varied 
between 1.4V and 2.65V at a frequency of 15 kHz while the change in full-scale output of the second DAC is measured. The first DAC is loaded with all Os. 


Note 21: Glitch energy is the difference between the positive and negative glitch areas at the output of the DAC when a 1 LSB digital input code change is applied 
to the input. The glitch energy will have its largest value at one of the three major transitions. The peak value of the maximum glitch is separately specified. 


Note 22: Power Supply Rejection Ratio is measured by varying AVcc = DVgc between 4.75V and 5.25V with a frequency of 10 kHz and measuring the proportion 
of this signal imposed on a full-scale output of the DAC under consideration. 


Note 23: The bandgap reference tempco is defined by the following equation: 
Vrer (TMAX) — VREF Cu 106 
VreF (TRoom) TMAX — TMIN 


Tempco = 


where TRoom = 25°C, Vrer (Tmax) is the reference output at Tyax, and similarly for Vaer (Tin) and Vrer (TRoom)- 
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Typical Converter Performance Characteristics 


Zero Error vs Full-Scale Error Supply Current 
Temperature vs Temperature vs Temperature 


ZERO ERROR (mV) 
FULLSCALE ERROR (mV) 
SUPPLY CURRENT (mA) 


1 
-60 -30 0 60 90 120 150 
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C) 


Zero Error PSRR Full-Scale Error PSRR Supply Current vs 
vs Temperature vs Temperature Clock Frequency 


PSSR (dB) 
PSSR (dB) 


Fee [a 
Sela 
ee a 
eTCrM™ a 
Praasee | pe =tY 

6 8 
TEMPERATURE (°C) TEMPERATURE (°C) CLOCK FREQ. (MHz) 
TL/H/11261-2 


SUPPLY CURRENT (mA) 


— 


Typical Reference Performance Characteristics 


Bandgap Voltage Line Regulation 
vs Temperature - vs Temperature 


ie = 5V£10% | Lhd es 
ove ae 


REFERENCE OUTPUT (V) 


TEMPERATURE (°C) TEMPERATURE (°C) 
TL/H/11261-3 TL/H/11261-4 
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TRI-STATE Test Circuits and Waveforms 


DATA 
OUTPUT 


10 kn 


TL/H/11261-5 


10kn 


DATA 
OUTPUT 


TL/H/11261-7 


Timing Waveforms 
Data Input Timing 


TL/H/11261-9 


Timing Diagrams 


DATA 
OUTPUTS 


TL/H/11261-6 


DATA 
OUTPUTS 


TL/H/11261-8 


Data Output Timing 


CLK. 50% 
tezo» tez1 
DO 


TL/H/11261-10 


‘ ts+ 


! 
Settled to 1/2 LSB —————»1 


TL/H/11261-11 


FIGURE 1. Write to One DAC with Update of Output (AU = 1) 
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Timing Diagrams (Continued) 


iW Pers CMV 


* DACs are written to LSB first. 
DAC‘1 is written to first, then DACs 2, 3, and 4. 
FIGURE 2. Write to All DACs with Update of Outputs (AU = 1) 


10 11 12 13 14 15 16 
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FIGURE 3. Read One DAC, Data Valid on Falling Edge, LSB First (AU = 1) 


TRISTATE TRISTATE 


*DAC1 is read first, then DACs 2, 3, and 4. 
FIGURE 4. Read All DACs, LSB First, Data Valid on Falling Edge (AU = 1) 


Block Diagram 


MICROWIRE™ 


Vrert Yrer2 Vrer3  VRer4 


Pin Description 


VouT1(19) 
Vouta(1) 

Vouta(14) 
Vouta(11) 
VrREFOUT( 


Veiasi (2) 
Veias2(13) 


GND(7) 


DVoc(10) 
AVcc(17) 


The voltage output connections of the 
four DACS. These provide output 
voltages in the range 0.3V-2.8V. 


16) The internal voltage reference output. 
The output of the reference is 2.65V 
+2%. This pin should be bypassed with 
a 220 uF capacitor. 

Veiasi is connected to the non-inverting 
inputs of output amplifiers 1 and 2, 
thereby setting the virtual ground 
voltage for DAC’s 1 and 2, while Veiaso 


performs this function for DAC’s 3 and 4. 


The allowed range is 0.3V -1.4V. 

The system ground pin. Connect to 
clean ground point. 

The digital and analog power supply 
pins. The power supply range of the 
DAC0854 is 4.5V — 5.5V. To guarantee 
accuracy, it is required that the AVcc 
and DVcc pins be bypassed'separately 
with bypass capacitors of 10 wF 
tantalum in parallel with 0.1 wF ceramic. 
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AU(4) 


VrReFi(18) 
VreF2(20) 
VrReF3(15) 


Vrera(12) 
CS(3) 


CLK(5) 
DI(9) 


DO(6) 


TL/H/11261-15 


When this pin is taken low, all DAC outputs 
will be asynchronously updated. CS must be 
held high during the update. 

The voltage reference inputs for the four 
DACs. The allowed range is OV—2.75V. 


The Chip Select control input. This input is 
active low. 

The external clock input pin. 

The serial data input. The data is clocked in 
LSB first. Preceding the data byte are 6 or 7 
bits of instructions. 

The serial data output. The data can be 
clocked out either MSB or LSB first, and on 
either the positive or negative edge of the 
system clock. 

The power interrupt output. On an 
interruption of the power supply, this pin 
goes low. Since this pin has an open drain 
output, a 10 kf, pull-up resistor must be 
connected to the supply. 
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Applications Information 
FUNCTIONAL DESCRIPTION 


The DAC0854 is a monolithic quad 8-bit digital-to-analog 
converter that is designed to operate on a single 5V supply. 
Each of the four units is comprised of an input register, a 
DAC register, a shift register, a current output DAC, and an 
output amplifier. In addition, the DACO854 has an onboard 
bandgap reference and a logic unit which controls the inter- 
nal operation of the DAC0854 and interfaces it to micro- 
processors. 


Each of the four internal 8-bit DACs uses a modified R-2R 
ladder to effect the digital-to-analog conversion (Figure 5). 
The resistances corresponding to the 2 most significant bits 
are segmented to reduce glitch energy and to improve 
matching. The bottom of the ladder has been modified so 
that the voltage across the LSB resistor is much larger than 
the input offset voltage of the buffer amplifier. The input 
digital code determines the state of the switches in the lad- 
der network. The sum of currents Io9yt1 and Iquta is fixed 
and is given by 


_ (Vrer — Veias \ 255 
lout + lout2 = PBB 


The current output Ioyt2 is applied to the internal output 
amplifier and converted to a voltage. The output voltage of 
each DAC is a function of Vaias, Vref, and the digital input 
word, and is given by 


DATA 511 255 


Vout = 2 (Vrer—Veias) —-— + == Veias——>> V 
OUT (VRer— VBias) 256 + 128 BIAS” 75g “REF 


The output voltage range for each DAC is 0.3V-2.8V. This 
range can be achieved by using the internal 2.65V reference 
and a voltage divider network which provides a Vajas Of 
1.40V (Figure 6). In this case the DAC tranfer function is 


(DATA) 


+ 0.310 
256 


Vout = 2.5 


The output impedance of any external reference that is 
used will affect the accuracy of the conversion. In order that 
this error be less than 14 LSB, the output impedance of the 
external reference must be less than 7.89. 


ee 
all Oe OS PS Bl a 


TL/H/11261-16 


TL/H/11261-17 


FIGURE 6. Generating a Vgjas = 1.40V from the Internal Reference 


292 


Digital Interface 


The DAC0854 has two interface modes: a WRITE mode 
and a READ mode. The WRITE mode is used to convert an 
8-bit digital input word into a voltage. The READ mode is 
used to read back the digital data that was sent to one or all 
of the DACs. These modes are selected by the appropriate 
Setting of the RD/WR bit, which is part of the instruction 
byte. The instruction byte precedes the data byte at the DI 
pin. In both modes, a high level on the Start Bit (SB) alerts 
the DAC to respond to the remainder of the input stream. 


Table | lists the instruction set for the WRITE mode when 
writing to only a single DAC, and Table II lists the instruction 
set for a global write. The DACs are always written to LSB 
first. All DACs will be written to if the global bit (G) is high; 
DAC 1 is written to first, then DACs 2, 3 and 4 (in that order). 
If the update bit is high, then the DAC output will be updated 
on the rising edge of CS; otherwise, the new data byte will 
be placed only in the input register. Chip Select (CS) must 
remain low for at least one clock cycle after the last data bit 
has been entered. 


Write DAC 3, no update of DAC outputs 
Write DAC 4, no update of DAC outputs 


Write DAC 1, update DAC 1 on CS rising edge 
Write DAC 2, update DAC 2 on CS rising edge 


TABLE II. WRITE Mode Instruction Set (Writing to all DACs) 


| sp | rowel co | vu | 
Description 


Ser ee ee Write all DACs, no update of outputs 
ope area | Write all DACs, update all outputs on CS rising edge 
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Digital Interface (Continued) 


Table III lists the instruction set for the READ mode. By the 
appropriate setting of the global (G) and address (A1 and 
AO) bits, one can select a specific DAC to be read, or one 
can read all the DACs in succession, starting with DAC 1. 
The R/F bit determines whether the data is valid on the 
rising or the falling edge of the system clock. When reading 
on the falling edge, the data is valid on the first rising edge 


after the end of the instruction byte; when reading on the 
rising edge, the data is valid on the second rising edge after 
the end of the instruction byte. One can choose to read the 
data back MSB first or LSB first by setting the M/L bit. 


An asynchronous update of all the DAC outputs can be 
achieved by taking AU low. The contents of the input regis- 
ters are loaded into the DAC registers, with the update oc- 
curring on the falling edge of AU. CS must be held high 
during an asynchronous update. 


TABLE Ill. READ MODE Instruction Set 


ss [rowal @ | we | wt | at | 
Bit #2 


Bit #1 
{ 


= 


! a ie ee 
a ee EN 
a a 
(= a eee) 
Race ee ee se 
eee le 
ee ee ee 
ft 
oe ee 
Seer eee 
as 
Golesi 
eee ee ee es 
ea a ee 
! 


Power Fail Function 


If a power failure occurs on the system using the DACO854 
then the INT pin will be pulled low on the next power-up 
cycle. To force this output high again and reset this flag, the 
CS pin will have to be brought low. When this is done the 
INT output will be pulled high again via an external 10 kQ 
pull-up resistor. This feature may be used by the microproc- 
essor to discard data whose integrity is in question. 


- 


- 


Description 


Bit #7 


Read DAC 1, LSB first, data valid on the falling edge 
Read DAC 2, LSB first, data valid on the falling edge 
Read DAC 3, LSB first, data valid on the falling edge 
Read DAC 4, LSB first, data valid on the falling edge 
Read DAC 1, MSB first, data valid on the falling edge 
Read DAC 2, MSB first, data valid on the falling edge 
Read DAC 3, MSB first, data valid on the falling edge 
Read DAC 4, MSB first, data valid on the falling edge 
Read DAC 1, LSB first, data valid on the rising edge 
Read DAC 2, LSB first, data valid on the rising edge 
Read DAC 3, LSB first, data valid on the rising edge 
Read DAC 4, LSB first, data valid on the rising edge 
Read DAC 1, MSB first, data valid on the rising edge 
Read DAC 2, MSB first, data valid on the rising edge 
Read DAC 3, MSB first, data valid on the rising edge 
Read DAC 4, MSB first, data valid on the rising edge 
Read all DACs, LSB first, data valid on the falling edge 
Read all DACs, MSB first, data valid on the falling edge 
Read all DACs, LSB first, data valid on the rising edge 
Read all DACs, MSB first, data valid on the rising edge 


Power Supplies 


The DAC0854 is designed to operate from a + 5V (nominal) 
supply. There are two supply pins, AVcc and DVcc. These 
pins allow separate external bypass capacitors for the ana- 
log and digital portions of the circuit. To guarantee accurate 
conversions, the two supply pins should each be bypassed 
with a 0.1 pF ceramic capacitor in parallel with a 10 wF 
tantalum capacitor. 


Typical Applications 


470k 
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DACO854 


470k 


VBIAS1 
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FIGURE 8. Trimming the Offset of a Dual Supply Op Amp Biased at Ground 


1/4 LWC660 Vout 


10.0k 


75k 


DACO854 11.3k 


TL/H/11261-20 
FIGURE 9. Bringing the Output Range Down to Ground 
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General Description 


The DAC08890 is a complete dual 8-bit voltage output digital- 
to-analog converter that can operate on a single 5V supply. 
It includes on-chip output amplifiers, precision bandgap volt- 
age reference, and full microprocessor interface. 

Each DACO0890 output amplifier has two externally select- 
able output ranges, OV to 2.55V and OV to 10.2V. The ampli- 
fiers are internally trimmed for offset and full-scale accuracy 
and therefore require no external user trims. 

The DAC0890 is supplied in 20-pin plastic, ceramic, and 
small outline packages. 


Features 
Two 8-bit voltage output DACs 
@ 4.75V to 16.5V single operation 


Block Diagram 


DGND CSi CS2 WR 
Oo oO «© 


s 


SOURCES 


SELECT 1 
O 


AGND 


Ordering Information 


Industrial (— 40°C < Ta < +85°C) 
DACOB90CIJ J20A Cerdip 


DACO890CIWM M20B 
Plastic Wide-Body 
Small Outline 


DACOB90CIN N20A Molded Dip 
Military (—55°C < Ta < + 125°C) 
DACOB90CMJ J20A Cerdip 
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Dual 8-bit ~P-Compatible Digital-to-Analog Converter 


i INPUT LOGIC ox wae 


GAP 


@ Guaranteed monotonic over temperature 

@ Internal precision bandgap reference 

H Two calibrated output ranges; 2.55V and 10.2V 
@ 2 us settling time for full-scale output change 
@ No external trims 

@ Microprocessor interface 


Applications 

@ Industrial processing controls 
@ Automotive controls 

@ Disk drive motor controls 

& Automatic test equipment 


DBO = DB7 vy 


LATCHES 


SOURCES 


SELECT 2 
TL/H/10592-1 


Connection Diagram 


Dual-In-Line Package 


DACO890 


oOnouwnrk wand 


TL/H/10592-2 


Top View 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales J package (10 sec.) 300°C 
Office/Distributors for availability and specifications. N package (10 sec.) 260°C 
Positive Supply Voltage (V+) 20V SO package 

Voltage at Any Pin (Note 3) GND —0.3 toV+ +0.3V Vapor Phase (60 sec.) 215°C 
Input Current at Any Pin (Note 3) 5mA Infrared (15 sec.) (Note 7) 220°C 
Package Input Current (Note 4) 20 mA Storage Temperature BS 10 
Power Dissipation (Note 5) 1.0W Junction Temperature (Note 5) 
ESD Susceptability. (Note 6) 2000V Operati ng Ratings (Notes 1 & 2) 

Output Short-Circuit Protection 


Temperature Range 


Duration Indefinite Twin < Ta < Tuax 
DACO890CMJ —55°C < Ta < +125°C 
DACO890ClJ —40°C < Ta < +85°C 
DACO890CIWM —40°C < Ta < +85°C 
DACO890CIN —40°C < Ta < +85°C 
Positive Supply Voltage, V+ 4.75 to 16.5V 


Electrical Characteristics the following specifications apply for Vt = +5V andV+ = +15V and AGND = 
DGND = OV, unless otherwise specified. Boldface limits apply for Ta = Ty = Tyin to Tay; all other limits Ta = Ty = 25°C. 


Limit 
Symbol Parameter Conditions nae ice Units 
(Note 8) DACO890ClJ, DACO890CIWM, 
DACO890CMJ 
DACO890CIN 


Resoution | Bits(min) 
Monotonicty | | TCS Bit(nin) 
Integral Linearity Error ee ee +0.5 LSB(min) 
Fuiscatoeror | Tet vte | tes | LsB(may 
Zeoeror | ttt vtec | te. | Ls8(man 


Full Scale DAC-to-DAC 
Tracking (Note 10) som 
Analog Crosstalk V+ = 15V,10.2Vrange] —74 
(Note 11) V+ = 5V, 2.55V range —66 
Glitch Energy 45 
(Note 12) 
Digital Feedthrough 
(Note 13) 
ts Positive Output Settling | CLoap < 500 pF 
Time (Note 14) CLoap < 1000 pF 


LSB 


aa 
Ow 


= 
a 
no 


lo Output Current Drive (Note 15) . 
Capability 5/3.5 mA(min) 

Isc Output Short Circuit Vt = 15V vith 
Current (Note 16) 


PSRR_ | Power Supply Rejection| f < 30 Hz 
10.2V range 
13.5V < Vt <16.5V 


15/83 ppm/% (max) 


2.55V range 
13.5V < Vt 
4.75V < Vt 


59/330 |ppm/% (max) 
20/110 |ppm/% (max) 


4.75V < Vt ppm/% 
Is Supply Current All Inputs Low 
Vt = 16.5 25 30/35 30/35 mA (max) 


Vt = 4.75 mA 
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Electrical Characteristics (continuea) 7 
The following specifications apply for V+ = +5V and V+ = +15V and AGND = DGND = OV, unless otherwise specified. 
Boldface limits apply for Ta = Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


Limit 
Parameter Conditions ina (Note 2) 
DACO0890CIJ, DACO890CIWM, DACOB90CMJ 
DACO890CIN 


Data Logic Low Threshold 
Data Logic High Threshold 


Control Logic Low 
Threshold 


Control Logic High 
Threshold 


|witetime | 

[Datasetuptime | | ns (rin) 

[DataHoldtime | ns (max) 
a I 
fee en aus 


ns (min) 


Control Setup Time 
Control Hold Time 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. Operating Ratings indicate conditions for which the device is functional, but do not guarantee performance limits. 
For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some 
performance characteristics may degrade when the device is not operated under the listed test conditions. 

Note 2: All voltages are measured with respect to AGND, unless otherwise specified. 

Note 3: When the input voltage (Vij) at any pin exceeds the power supply rails (Vjy < AGND or Vin > V+) the absolute value of current at that pin should be 
limited to 5 mA or less. 

Note 4: The sum of the currents at all pins that are driven beyond the power supply voltages should not exceed 20 mA. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tymax, @ya and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tymax - Ta)/@ga or the number given in the Absolute Maximum Ratings, whichever is lower. The table 
below details Tyyax and 0ya for the various packages and versions of the DACO890. 


TaaxC) | @yaC'C/W) 
53 


DACO890CMJ 165 
DACO8s0ClJ 125 
DACO8S0CIN 105 
DACO890CIWM 135 


Note 6: Human body model, 100 pF discharged through a 1.5 kQ. resistor. 

Note 7: See AN450 “Surface Mounting Methods and Their Effect on Production Reliability” of the section titled ‘Surface Mount” found in any current Linear 
Databook for other methods of soldering surface mount devices. 

Note 8: Typicals are at 25°C, unless otherwise specified, and represent the most likely enieinatite norm. 

Note 9: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Full Scale DAG-to-DAC Tracking is defined as the change in the voltage difference between the full scale output levels of DAC1 and DAC2. The result is 
expressed in LSBs and it referred to the full-scale voltage difference at 25°C. 

Note 11: Analog Crosstalk is a measure of the change in one DAC’s full scale output voltage as the second DAC’s output volladé changes value. It is measured as 
the voltage change in one DAC’s full scale output voltage divided by the voltage range through which the second DAC’s output has changed (zero to full scale). 
This ratio is then expressed in dB. 

Note 12: Glitch Energy is a worst case measurement, over the entire input code range, of transients that occur when changing code. The positive and negative 
areas of the transient waveforms are summed together to obtain the value listed. 

Note 13: Digital Feedthrough is measured with both DAC outputs latched at full scale and a 2 ns, 5V step applied to all 8 data inputs. This gives the worst case 
digital feedthrough for the DACO890. 06 

Note 14: Settling Time is specified for a positive full scale step to + 1 LSB. Settling time for negative steps will be slower but may be improved with an external 
pull-down resistor. Negative settling time to + 1% LSB can be calculated for each range where ts = 6.23 (CLoap) (RLoap/10 k®) for the high range and ts =6.23 
(CLoap) (RLoAD/2.5 kQ) for the low range. 

Note 15: Output Current Drive Capability is the minimum current that can be sourced by the output amplifiers with less than 1% LSB reduction in full scale. Current 
sinking capability is provided by a passive internal resistance of 10 kQ in the high range and 2.5 kQ. in the low range. 

Note 16: Output Short Circuit Current is measured with the output at full-scale and shorted to AGND. 

Note 17: Power Supply Rejection Ratio is a measure of how much the output voltage changes (in parts-per-million) per change (in percent) in the power supply 
voltage. 

Note 18: Digital Input Current is measured with OV and V+ input levels. The limit specified is the higher of these two measurements. 
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Typical Performance Characteristics 


Fullscale Drift (LSB) 


Fullscale Tracking (LSB) 


Write Time (ns) 
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vs Temperature 
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Supply Rejection (ppm/%) Linearity. (LSB) 


Control Threshold (V) 
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Integral Linearity 
vs Temperature 
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Temperature (°C) 


Power Supply Rejection 


vs Temperature 
30 


10.2V Range 


if 
[A 
NOS 
Sinnacicd 
25 85 125 
Temperature (°C) 


Control Threshold 
vs Temperature 
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Typical Performance Characteristics 


DAC0890 


Supply Current Short Circuit Current Digital Input Current 
vs Temperature vs Temperature vs a ae 


pt hag ooo ee SV 


Supply Current (mA) 
Short Circuit Current (mA) 
Digital Input Current (A) 


Temperature (°C) aie (°C) os (°c) 


Minimum Supply Voltage Minimum Supply Voltage 
vs Temperature vs Temperature Max Power Dissipation 
(10.2V Range) (2.55V Range) vs THEE 
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Minimum Supply Voltage (V) 
Minimum Supply Voltage (V) 
Power Dissipation (W) 


=15 25 85 125 
Temperature (°C) Temperature (°C) Temperature (°C) 


Power Supply Rejection 
Pics Frequency 


Power Supply Rejection (ppm/%) 


102 


Frequency (Hz) 
TL/H/10592-4 
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Timing Waveforms 


VouT 1,2 
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Settled to 1/2 LSB 
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Connection Diagram 


Dual-In-Line Package 


DACO890 


—- © On DOW UN FF WD 


Oo 


TL/H/10592-2 


Pin Description 


DBO-DB7 (1-8) These pins are data inputs for each of the VoutT2 (14) DAC2’s voltage output connection. It pro- 
internal 8-bit DACs. DBO is the least-sig- vides two full-scale output voltage ranges, 
nificant-bit. 2.55V and 10.2V. 

WR (9) This is the WRITE command input pin. SELECT 2 (15) The two output voltage ranges available 
This input is used in conjunction with CS1 from DAC2 are selected by connecting 
and CS2 to write data into either of the this pin to SENSE2 for the 2.55V full-scale 
internal DACs. The data is latched into a range and leaving it unconnected for the 
selected DAC with the rising edge of ei- 10.2V full-scale range. 
ther WR or CS1 for DAC1 or CS2 for AGND (16) The system digital ground is connected to 
DAC2, whichever occurs first. this pin. For proper operation, this and 

CS1 (10) This is the input pin used to select DAC1. DGND must be connected together. 

This input is used in conjunction with the SELECT 1 (17) The two output voltage ranges available 
internal DACs. The data is latched into this pin to SENSE1 for he 2.55V full-scale 
DAC1 with the rising edge of either CS1 or range and leaving it unconnected for the 
WR, whichever occurs first. 10.2V full-scale range. 

CS2 (11) This is the input pin used to select DAC2. Vout (18) DAC1’s voltage output connection. It pro- 
This input is used in conjunction with the vides two full-scale output voltage ranges, 
WR input to write data into either of the 2.55V and 10.2V. 


internal DACs. The data is latched into SENSE 1(19) | DAC1’s output sense connection. When 


DAC2 with the rising edge of either CS2 or this pin is connected to the VOUT1’s load 
WR, whichever occurs first. : : 
impedance, the feedback loop will com- 
DGND (12) The system digital ground is connected to pensate for any voltage drops between 


this pin. For proper operation, this and the VOUT1 pin and the load. 
AGND must be connected together. 


Vt (20) The power supply voltage, ranging from 

SENSE 2 (13) | DAC2’s output sense connection. When 4.75V to 16.5V, is applied to this pin. It 
this pin is connected to the VOUT2’s load should be bypassed, to AGND, with a 0.01 

impedance, the feedback loop will com- ~ 0.1 pF ceramic capacitor in parallel 

pensate for any voltage drops between with a 2.2 ~ 22 pF electrolytic capacitor. 


the VOUT2 pin and the load. 
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Functional Description 


The DAC0890 is a monolithic dual 8-bit bipolar Digital-to-An- 
alog converter comprising six major functional blocks de- 
signed to operate on a single supply as low as 5V (+5%). 
These include two latch/DAC combinations, two high-speed 
output amplifiers, band-gap reference, and control/interface 
logic. 

The two internal 8-bit DACs use equal valued current sourc- 
es. Controlled by a corresponding bit in the input data, each 
current source’s output is switched into either an R/2R lad- 
der or AGND. Each internal DAC has an 8-bit latch to store 
a digital input. See Figure 7. 

The high-speed output amplifiers operate in the non-invert- 
ing mode. The R-2R’s output current is applied to the output 
amplifier and converted to a voltage. The amplifier’s gain is 


To DAC2 


1.2V 
Bandgap 
Reference 


externally set through the range select pin. The two ranges 
are OV to 2.55V and OV to 10.2V. The internal resistors that 
set the gain are matched to the unit resistor of the R/2R 
ladder. This ensures that these resistors match over pro- 
cess variations and temperature. This greatly reduces gain 
variations that would exist if external gain setting resistors 
were used, 

An internal band-gap reference and its control amplifier gen- 
erate a full scale reference voltage for the DACs. It produc- 
es a 1.2V output from a single supply. 

The DAC0890 provides a TTL and CMOS-compatible con- 
trol interface and allows writing and latching digital values to 
each of the internal DACs. 


= TL/H/10592-7 


FIGURE 1. Simplified Internal Schematic (One DAC Shown) 
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Applications Information 
Full-Scale Output Voltage Range Selection 


The DAC0890 has been designed for ease of use. All refer- 
ence voltage and output amplifier connections are internal. 
All trims such as full-scale (gain) and zero (offset) are per- 
formed during manufacturing. Therefore, no external trim- 
ming is required to achieve the specified accuracy. The only 
external connections required select the desired full-scale 
output voltage range. 

The two full-scale output voltage ranges are selected by 
connecting SENSE, SELECT and VOUT as shown in Figure 
2a, b. The 2.55V range can be used with supply voltages as 
low as 4.75V. The 10.2V range can be selected with sup- 
plies as low as 12.0V. 


es Tea 
SENSE 

TCE ie 

SELECT 

a 


TL/H/10592-8 
FIGURE 2a. OV to 2.55V Output Voltage Range 


Tai 
SENSE 
19(13) a 
SELECT 


From 
R= 2R ladder 
output 


TL/H/10592-9 
FIGURE 2b. OV to 10.2V Output Voltage Range 


Power Supply Voltage 

The DAC0890 is designed to operate on a single power 
supply voltages +4.75V and + 16.5V. For 2.55V full-scale 
operation the power supply voltage can be as low as 
+4.75V. When the 10.2V full-scale is used the supply volt- 
age needs to be between + 12V to +16.5V. 
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Grounding and Power Supply 
Bypassing 
Proper grounding is essential to extract all the precision and 
full rated performance that the DAC0890 is capable of deliv- 
ering. Typical applications for the DACO0890 include opera- 
tion with a microprocessor. In this environment digital noise 
is prevalent and anticipated. Therefore, special care must 
be taken to ensure that proper operation will be achieved. 


The DAC0890 uses two ground pins, AGND and DGND, to 
minimize ground drops and noise in the analog signal paths. 
Figure 3 details the proper bypassing and ground connec- 
tions. 

The DAC0890’s best performance can be ensured by con- 
necting 0.01 pF to 0.1 F ceramic capacitor in parallel with 
an electrolytic of 2.2 uF to 22 uF between the V+ pin and 
AGND. 


Sense Inputs 


The SENSE inputs (pins 13 and 19) allow compensation for 
voltage drops in long output lines to remote loads. This 
places the drops in the internal amplifier’s feedback loop. 
An example of this is shown in Figure 3. The I-R drop, which 
might be caused by printed circuit board traces or long ca- 
bles, between the VOUT2 and the load impedance R_ is 
placed inside the feedback loop if SENSE1 is connected 
directly to the load. This forces the voltage at the load to be 
the correct value. It is important to remember that the volt- 
age at the DAC0890’s VOUT pins may become higher than 
the full-scale output voltage selected using the SELECT 
pins. Therefore, the power supply voltage applied to vt 
must be >2.2V above the resulting output voltage (at pins 
14 and 18) when the SENSE inputs are used. 

The SENSE inputs have a finite input impedance. The 
range-setting resistors load the output with 2.5 kQ when the 
OV to 2.55V range is selected and 10 kM when the OV to 
10.2V range is selected. 


1 
2 
3 
4 ry syst 
DB4 O 5 pacongo 16 Analog Sin 
DBS O 6 15 OV to 2.55V 
DB6 O 7 14 0 
(MSB) DB7 © 8 
WRO 9 


TL/H/10592-10 
FIGURE 3. Typical Connection Showing Power Supply 
Bypassing, and the Use of SENSE Inputs 


Minimizing Settling Time 

The DAC0890’s output stage uses a passive pull-down re- 
sistor to achieve single supply operation and an output volt- 
age range that includes ground. This results in a negative- 
going settling time that is longer than the settling time or 
positive-going signals. The actual settling time is dependant 
on the load resistance and capacitance. If available, a nega- 
tive power supply can be used to improve the negative set- 
tling time by connecting a pull down resistor between the 
output and the negative supply. The resistor’s value is cho- 
sen so that the current through the pull down resistor is not 
greater than 0.5 mA when the output voltage is OV. See 
Figure 4. 


TL/H/10592-11 
FIGURE 4. Improving Negative Slew Rate 


Bipolar Operation 


While the DACO890 was designed to operate on a single 
positive supply voltage and generate a unipolar output volt- 
age, bipolar operation is still possible if a negative supply is 
available or added. As shown in Figure 5, the output voltage 


LM385=1.2V 
0.1 A 


=5V 


FIGURE 5. Bipolar Operation 


is offset and scaled to achieve a —1.27V to +1.28V output 
range with the addition of a —5V supply. The required offset 
is generated with an LM385-1.2V reference. The external 
output amplification is provided by the LMC660. The output 
voltage is generated with a complementary binary offset in- 
put code. 


Microprocessor Interface 


When interfacing with a microprocessor, the DACO890 ap- 
pears as a two byte write-only memory location for memory 
mapped and I/O mapped input-output. Each of the internal 
DACs is chosen through one of the two chips selects, CS1 
or CS2. The action of the control signals is detailed in Table 
|. The data is latched on the rising edge of either Chip Se- 
lect or WR, whichever occurs first for a given selected DAC. 
For interfacing ease, WR can be tied low and CS1 or GSD 
can be used to latch the data. Both DACs can be updated 
simultaneously by pulling both CST and CS2 low. Further 
versatility is provided by the ability of WR and CS1 and/or 


S2 to be tied together. 
TABLE I. DAC0890 Control Logic Truth Table 


Input Latch 
San | w | os] oncom [tae 
0 0 0 “transparent” 
1 0 0 “transparent” 
0 T 0 latching 
1 T 0 latching 
0 0 T latching 
{ 0 Tt 1 latching 
x 1 X previous data latching 
X x 1 previous data latching 
x 1 1 previous data latching 


OUTPUT 
-1.27V to 
+1,.28V 


TL/H/10592-12 


06809Va 


LM34/LM34A/LM34C/LM34CA/LM34D 
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LM34/LM34A/LM34C/LM34CA/LM34D 
Precision Fahrenheit Temperature Sensors 


General Description 


The LM34 series are precision integrated-circuit tempera- while the LM34C, LM34CA and LM34D are also available in 
ture sensors, whose output voltage is linearly proportionalto _ the plastic TO-92 transistor package. The LM34D is also 
the Fahrenheit temperature. The LM34 thus has an advan- _ available in an 8-lead surface mount small outline package. 
tage over linear temperature sensors calibrated in degrees The LM34 is a complement to the LM35 (Centigrade) tem- 
Kelvin, as the user is not required to subtract a large con- _—_ perature sensor. 
stant voltage from its output to obtain convenient Fahren- 
heit scaling. The LM34 does not require any external cal- Freatures 
bration or trimming to provide typical accuracies of +¥,°F atm Calibrated directly in degrees Fahrenheit 
room temperature and +11/,°F over a full —50 to +300°F mw Linear +10.0 mV/°F scale factor 
temperature range. Low cost is assured by trimming and w 10°F teed (at +77°F 
calibration at the wafer level. The LM34’s low output imped- liberia peers - ¢ ) 
ance, linear output; and precise inherent calibration make @ Rated for full —50° to +300°F range 
interfacing to readout or control circuitry especially easy. it. @ Suitable for remote applications 
can be used with single power supplies or with plus and ™ Low cost due to wafer-level trimming 
a 
a 
a 
a 
a 


minus supplies. As it draws only 75 A from its supply, it has Operates from 5 to 30 volts 

very low self-heating, less than 0.2°F in still air. The LM34 is Less than 90 A current drain 
rated to operate over a —50° to +300°F temperature Low self-heating, 0.18°F in still air 
range, while the LM34C is rated for a —40° to +230°F Nonlinearity only +0.5°F typical 


range (0°F with improved accuracy). The LM34 series is , 
available packaged in hermetic TO-46 transistor packages, Low-impedance output, 0.40 for 1 mA sina 


Connection Diagrams 


TO-46 TO-92 so-8 
Metal Can Package* Plastic Package Small Outline Molded Package 


+Vs GND ay, 
#Vy 


Ty oy Vout —}! 8 
ae, N.C. 42 7JENC. 
ave N.C. =] 3 6 )— N.C. 
BOTTOM VIEW 
TL/H/6685-1 TL/H/6685-2 GND =} 4 5) N.C. 
*Case is connected to negative pin (GND). Order Number LM34CZ, acti eas 
Order Numbers LM34H, LM34AH, LM34CAZ or LM34DZ Top View 
LM34CH, LM34CAH or LM34DH See NS Package Number Z03A ope eeu 
See NS Package Number H03H Giochi re se | Satie 


See NS Package Number M08A 


Typical Applications 


+Vs 
(+5V TO + 20V) 


CHOOSE Ry=(—Vs)/50 pA 


Vour= + 10.0 mV/°F LM34 Vout Vout = + 3,000 mV AT +300°F 
= +750 mV AT + 75°F 


= —500 mV AT —50°F 


= TL/H/6685-3 = Ry 


FIGURE 1. Basic Fahrenheit Temperature Sensor 


(+5° to + 300°F) Vs 


TL/H/6685-4 
FIGURE 2. Full-Range Fahrenheit Temperature Sensor 
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Absolute Maximum Ratings (note 10) 


If Military/Aerospace specified devices are required, Lead Temp. 

please contact the National Semiconductor Sales TO-46 Package (Soldering, 10 seconds) + 300°C 
Office/Distributors for availability and specifications. TO-92 Package (Soldering, 10 seconds) + 260°C 
Supply Voltage +35V to —0.2V SO Package (Note 12): j 

Output Voltage +6V to —1.0V Vapor Phase (60 seconds) 215°C 
Output Current 10 mA Infrared (15 seconds) 220°C 


Specified Operating Temp. Range (Note 2) 


Storage Temperature, Tum toT 
TO-46 Package —76°F to +356°F MIN TO MAX 
TO-92 Package —76°F to +300°F LM34, LM34A — 50°F to + 300°F 
SO-8 Package —65°C to +150°C LM34C, LM34CA —40°F to + 230°F 

ESD Susceptibility (Note 11) B00V CMSA : +82'F fo 7.212°F 


DC Electrical Characteristics (note 1, Note 6) 


Tested 
Limit 


Parameter 


Accuracy (Note 7) Ta = +77°F 
Ta = O°F 
Ta = Tmax 
Ta = TmIN 


Nonlinearity (Note 8) 


Sensor Gain TmMIN < Ta S Tyax +10.0/] +9.9, 
(Average Slope) + 10.1 


Load Regulation Ta = +77°F 
(Note 3) TMIN < Ta < TMAX 
O<Il_<1mA 


Line Regulation (Note 3) | Ta = +77°F 
5V < Vs < 30V 


Vs = +5V, +77°F 
Vs = +5V 

Vs = +30V, +77°F 
Vs = +30V 


Change of Quiescent AV < Vs < 30V, +77°F +0.5 2.0 0.5 2.0 pA 
Current (Note 3) 5V < Vs < 30V + 1.0 1.0 pA 
Temperature Coefficient 3 
Minimum Temperature In circuit of Figure 7, 


Note 1: Unless otherwise noted, these specifications apply: —50°F < Tj < + 300°F for the LM34 and LM34A; —40°F < Tj < +230°F for the LM34C and 
LM34CA; and +32°F < Tj < + 212°F for the LM34D. Vg = +5 Vde and ILoaD = 50 pA in the circuit of Figure 2; +6 Vdc for LM34 and LM34A for 230°F < Tj < 
300°F. These specifications also apply from +5°F to Tmax in the circuit of Figure 7. 


Note 2: Thermal resistance of the TO-46 package is 720°F/W junction to ambient and 43°F/W junction to case. Thermal resistance of the TO-92 package is 
324°F/W junction to ambient. Thermal resistance of the small outline molded package is 400°F/W junction to ambient. For additional thermal resistance informa- 


tion see table in the Typical Applications section. 
Note 3: Regulation is measured at constant junction temperature using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested limits are guaranteed and 100% tested in production. 

Note 5: Design limits are guaranteed (but not 100% Production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 10 mV/°F times the device’s case temperature at specified conditions of voltage, current, 
and temperature (expressed in °F). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 7. 

Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions (see Note 1). 

Note 11: Human body model, 100 pF discharged through a 1.5 kQ. resistor. 

Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 


+9.9, | mV/°F, min 
+ 10.1 | mV/°F, max 


mV/mA 


Quiescent Current 
(Note 9) 
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DC Electrical Characteristics (Note 1, Note 6) (Continued) 


LM34 LM34C, LM34D 


Design Tested | Design 
Limit 


Units 
(Max) 


Parameter 


°F 
°F 
°F 
°F 
°F 


Accuracy, LM34, LM34C | Ta = +77°F 
(Note 7) = 0°F 


Accuracy, LM34D 
(Note 7) 
°F 


Nonlinearity (Note 8) Tmin < Ta < Tmax 


Sensor Gain | Twin < Ta S Tmax + Fecal + 9.8, + | ee mV/°F, min 
(Average Slope) +10.2 + ee 0.2 | mV/°F, max 
+ 


LM34/LM34A/LM34C/LM34CA/LM34D 


Load Regulation Ta = +77°F +0. Flee +2.5 mV/mA 
(Note 3) Tun < Ta < +150°F +0.5 +6.0 mV/mA 
0<IL<1mA 
Line Regulation (Note 3) | Ta = +77°F +0.01 mV/V 
5V < Vs < 30V +0.02 mV/V 
Quiescent Current Vs = +5V, +77°F 75 100 pA 
(Note 9) Vs = +5V 131 pA 
Vs = +30V, +77°F 76 103 pA 
Vs = +30V 132 pA 
pA 
pA 


Change of Quiescent 4V < Vs < 30V, +77°F +0.5 
Current (Note 3) 5V < Vs < 30V + 1.0 
Temperature Coefficient 

Minimum Temperature In circuit of Figure 7, 

for Rated Accuracy IL =0 


Long-Term Stability = Tmax for 1000 hours 


ane 
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Thermal Resistance 
Junction to Air 
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erature (In Circuit of Figure 2: 
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Typical Performance Characteristics 
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Minimum Supply Voltage 
vs. Temperature 
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PERCENT OF FINAL VALUE (%) 


QUIESCENT CURRENT (1A) 


Thermal Response in 
Still Air 


TIME (MIN) 
Quiescent Current vs. 
Temperature 
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LM34/LM34A/LM34C/LM34CA/LM34D 


Typical Applications 


The LM34 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.02°F of the surface temperature. This presumes 
that the ambient air temperature is almost the same as the 
surface temperature; if the air temperature were much high- 
er or lower than the surface temperature, the actual temper- 
ature of the LM34 die would be at an intermediate tempera- 
ture between the surface temperature and the air tempera- 
ture. This is expecially true for the TO-92 plastic package, 
where the copper leads are the principal thermal path to 
carry heat into the device, so its temperature might be clos- 
er to the air temperature than to the surface temperature. 


To minimize this problem, be sure that the wiring to the 
LM34, as it leaves the device, is held at the same tempera- 
ture as the surface of interest. The easiest way to do this is 
to cover up these wires with a bead of epoxy which will 
insure that the leads and wires are all at the same tempera- 
ture as the surface, and that the LM34 die’s temperature will 
not be affected by the air temperature. 


The TO-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course in that case, the 
V_ terminal of the circuit will be grounded to that metal. 
Alternatively, the LM34 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
into a threaded hole in a tank. As with any IC, the LM34 and 


accompanying wiring and circuits must be kept insulated 


and dry, to avoid leakage and corrosion. This is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 


Temperature Sensor, 
Single Supply, — 50° to + 300°F 
+Vs 


TL/H/6685-6 


used to insure that moisture cannot corrode the LM34 or its 
connections. 


These devices are sometimes soldered to a small, light- 
weight heat fin to decrease the thermal time constant and 
speed up the response in slowly-moving air. On the other 
hand, a small thermal mass may be added to the sensor to 
give the steadiest reading despite small deviations in the air 
temperature. 


Capacitive Loads 


Like most micropower circuits, the LM34 has a limited ability 
to drive heavy capacitive loads. The LM34 by itself is able to 
drive 50 pF without special precautions. If heavier loads are 
anticipated, it is easy to isolate or decouple the load with a 
resistor; see Figure 3. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 4. When the LM34 is applied with a 
4999, load resistor (as shown), it is relatively immune to 
wiring capacitance because the capacitance forms a bypass 
from ground to input, not on the output. However, as with 
any linear circuit connected to, wires in a hostile environ- 
ment, its performance can be affected adversely by intense 
electromagnetic sources such as relays, radio transmitters, 
motors with arcing brushes, SCR’s transients, etc., as its 
wiring can act as a receiving antenna and its internal junc- 
tions can act as rectifiers. For best results in such cases, a 
bypass capacitor from Vij to ground and a series R-C 
damper such as 752. in series with 0.2 or 1 F from output 
to ground are often useful. These are shown in the following 
circuits. 


TO A HIGH 
IMPEDANCE LOAD 


2k 
LM34 he 


HEAVY CAPACITIVE LOAD, WIRING, ETC. 


TL/H/6685-7 
FIGURE 3. LM34 with Decoupling from Capacitive Load 


0.1 pF BYPASS 


(OPTIONAL) HEAVY CAPACITIVE LOAD, WIRING, ETC. 


TL/H/6685-8 


FIGURE 4. LM34 with R-C Damper 


Temperature Rise of LM34 Due to Self-Heating (Thermal Resistance) 


Conditions 


TO-46, 
No Heat Sink 


TO-46, TO-92, 
Small Heat Fin* | No Heat Sink 


TO-92, SO-8 
Small Heat Fin** | No Heat Sink | Small Heat Fi 


n** 


Still air 720°F/W 180°F/W 324°F/W 252°F/W 400°F/W 200°F/W 
Moving air 180°F/W 72°F/W 162°F/W 126°F/W 190°F/W 160°F/W 
Still oil 180°F/W 72°F/W 162°F/W 126°F/W 

Stirred oil 90°F/W 54°F/W 81°F/W 72°F/W 

(Clamped to metal, (49°F/W) (95°F/W) 


infinite heat sink) 


*Wakefield type 201 or 1” disc of 0.020” sheet brass, soldered to case, or similar. 


**TO-92 and SO-8 packages glued and leads soldered to 1” square of Yj," printed circuit board with 2 oz copper foil, or similar. 


Typical Applications (ontinuea) 


Two-Wire Remote Temperature Sensor Two-Wire Remote Temperature Sensor 
(Grounded Sensor) (Output Referred to Ground) 
5V 


Vout = 10mV/°F (Ta +3°F) 
FROM +3°F TO + 100°F HEAT 
2 


TWISTED PAIR 


Vour=10 mV/°F (Tq +3°R) 
FROM +3°F T0 + 100°F 


TWISTED PAIR 


OQPEW1/VOVENT/OPENT/VPEINT/PENT 


5% 
OR 50k RHEOSTAT 
FOR GAIN ADJUST 


TL/H/6685-9 TL/H/6685-10 


4-to-20 mA Current Source Fahrenheit Thermometer 
(0 to + 100°F) (Analog Meter) 


+5V 


+6V 10 +30V 


TL/H/6685-12 


OFFSET 
ADJUST 


TL/H/6685-11 


Expanded Scale Thermometer Temperature-to-Digital Converter 
(50° to 80° Fahrenheit, for Example Shown) (Serial Output, + 128°F Full Scale) 


+9V 


SERIAL DATA 
OUTPUT 


+1.28V] REF} ADC08031 


100 A, 60 mV 
FULL SCALE 


CLOCK 


ENABLE 


GROUND 
TL/H/6685-14 


TL/H/6685-13 
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Typical Applications (Continued) 


LM34 with Voltage-to-Frequency Converter and Isolated Output 
(3°F to + 300°F; 30 Hz to 3000 Hz) 


+6V 


0.01 pF 
STABLE CAPACITANCE, 
SEE LM131 DATA SHEET 


LM34/LM34A/LM34C/LM34CA/LM34D 


TL/H/6685-15 


Bar-Graph Temperature Display 
(Dot eae 


74 75 


LM3914 


TL/H/6685-16 


* = 1% or 2% film resistor 

—tTrim Rp for Vg = 3.525V 

—Trim Rc for Vo = 2.725V 

—Trim Ra for Va = 0.085V + 40 mV/°F X TAMBIENT 
—Example, Va = 3.285V at 80°F 
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Typical Applications (continuea) 


Temperature-to-Digital Converter 
(Parallel TRI-STATE® Outputs for Standard Data Bus to uP Interface, 128 °F Full Scale) 


PARALLEL DATA 
OUTPUT 


ADC0804 


GVEWT/VOVENT/OPENT/VPEINT/PENT 


GROUND 
TL/H/6685-17 


Temperature Controller 


HEATER 
INDICATOR 


TEMP. ADJUST. 


400 .F 
50k +15V 30k i 


LM395 
HEATER 


Ve LM10 


1 LM10 


ee eee a | 


THERMALLY COUPLED 


+ 

0.2V 

Ll SETPOINT ACTUAL 

= (10 mv/eF) TEMPERATURE 
(10 mV/°F) 


TL/H/6685-18 


Block Diagram 


1.590 Vprar 
(AT 77°F) 


Vour=10 mV/°F 


0.865R2 


TL/H/6685-19 


LM35/LM35A/LM35C/LM35CA/LM35D 


National 


Semiconductor 


General Description 


The LM35 series are precision integrated-circuit tempera- 
ture sensors, whose output voltage is linearly proportional to 
the Celsius (Centigrade) temperature. The LM35 thus has 
an advantage over linear temperature sensors calibrated in ° 
Kelvin, as the user is not required to subtract a large con- 
stant voltage from its output to obtain convenient Centi- 
grade scaling. The LM35 does not require any external cali- 
bration or trimming to provide typical accuracies of +Y¥C 
at room temperature and +%/,°C over a full —55 to +150°C 
temperature range. Low cost is assured by trimming and 
calibration at the wafer level. The LM35’s low output imped- 
ance, linear output, and precise inherent calibration make 


can be used with single power supplies, or with plus and 
minus supplies. As it draws only 60 pA from its supply, it has 
very low self-heating, less than 0.1°C in still air. The LM35 is 
rated to operate over a —55° to +150°C temperature 
range, while the LM35C is rated for a —40° to +110°C 
range (—10° with improved accuracy). The LM35 series is 


Connection Diagrams 


LM35CH, LM35CAH or LM35DH 
See NS Package Number H03H 


Typical Applications 


+Vs 
(4V TO 20V) 


OUTPUT 
0 mV +10.0 mV/°C 


TL/H/5516-3 
FIGURE 1. Basic Centigrade Temperature 
Sensor (+ 2°C to + 150°C) 
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LM35/LM35A/LM35C/LM35CA/ LM35D 
Precision Centigrade Temperature Sensors 


available packaged in hermetic TO-46 transistor packages, 
while the LM35C, LM35CA, and LM35D are also available in 
the plastic TO-92 transistor package. The LM35D is also 
‘available in an 8-lead surface mount small outline package. 


Features 


Calibrated directly in ° Celsius (Centigrade) 
Linear + 10.0 mV/°C scale factor 

0.5°C accuracy guaranteeable (at + 25°C) 
Rated for full —55° to + 150°C range 
Suitable for remote applications 

Low cost due to wafer-level trimming 
Operates from 4 to 30 volts 

Less than 60 pA current drain 

Low self-heating, 0.08°C in still air 
Nonlinearity only + 1/4°C typical 

Low impedance output, 0.1 9 for 1 mA load 


TO-46 TO-92 SO-8 
Metal Can Package* Plastic Package Small Outline Molded Package 
| +-¥s Yur ono | i, 
V 
Ser Vout —}! 8) +Vs 
ay, N.C. 2 7IENC. 
N.C. 3 6 F— N.C. 
BOTTOM VIEW GND —] 4 5EEN.C. 
BOTTOM VIEW TL/H/5516-2 
TL/H/5516-1 Order Number LM35CZ TL/H/5516-21 
* i ive pin (GN Top View 
Case is connected to negative pin (GND) LM35CAZ or LM35DZ os ‘4 cide 
Order Number LM35H, LM35AH, See NS Package Number Z03A 


Order Number LM35DM 
See NS Package Number M08A 


—Vs 
TL/H/5516-4 


Choose Ry = —Vs/50 pA 


Vout= +1,500 mV at +150°C 
= +250 mV at +25°C 
= —550 mV at —55°C 
FIGURE 2. Full-Range Centigrade 
Temperature Sensor 


Absolute Maximum Ratings (ote 10) 
If Military/Aerospace specified devices are required, SO Package (Note 12): 


please contact the National Semiconductor Sales Vapor Phase (60 seconds) 215°C 
Office/Distributors for availability and specifications. Infrared (15 seconds) 220°C 
Supply Voltage eed de EY ESD Susceptibility (Note 11) B00V 
Output Voltage pn e S tOY Specified Operating Temperature Range: TmIN to Tmax 
Output Current 10 mA (Note 2) 
Storage Temp., TO-46 Package, —60°C to + 180°C LM35, LM35A —55°C to +150°C 
TO-92 Package, 60°C to F190°C LM35C, LM35CA ~40°C to + 110°C 
SO-8 Package, —65°C to + 150°C LM35D 0°C to +100°C 
Lead Temp.: 
TO-46 Package, (Soldering, 10 seconds) 300°C 
TO-92 Package, (Soldering, 10 seconds) 260°C 


Electrical Characteristics (note 1) (ote 6) 


LM35A LM35CA 


Tested Design Tested Design Units 
a t 
Parameter Typical | Limit | Limit | Typical | Limit | Limit. | (Max.) 
(Note 4) | (Note 5) (Note 4) | (Note 5) 
Accuracy Ta=+25°C +0.2 
(Note 7) Ta=—10°C 
Ta= Tmax 


TA=TMIN 


Nonlinearity Tuin< Ta<Tmax +0.18 
(Note 8) 


Sensor Gain 

(Average Slope) 

Load Regulation Ta=+25°C +0.4 21.0 mV/mA 
(Note 3) 0<I, <1 mA TmMIn<TA<Tmax +0.5 +3.0 mV/mA 
Line Regulation Ta=+25°C +0.01 +£0.05 mV/V 
(Note 3) 4V<Vsg<30V +0.02 +0.1 mvV/V 


Quiescent Current 
(Note 9) 


Vg= +5V, +25°C 67 56 67 pA 
Vg= +5V 91 wA 
Vg=+30V, +25°C 68 56.2 68 pA 
Vg= +80V 91.5 pA 


Change of 4V<Vs<30V, +25°C 0.2 1.0 0.2 BA 
Quiescent Current 4V<Vs<30V 0.5 0.5 pA 
(Note 3) 


pA/?C 


Temperature +0.39 
Coefficient of 
Quiescent Current 


Minimum Temperature 
for Rated Accuracy 


Long Term Stability Ty=Tmax, for +0.08 +0.08 °C 
1000 hours 


Note 1: Unless otherwise noted, these specifications apply: —55°C<Ty< +150°C for the LM35 and LM35A; — 40° <Ty< +110°C for the LM35C and LM35CA; and 
0°<Ty< + 100°C for the LM35D. Vg= + 5Vdc and ILgap=50 BA, in the circuit of Figure 2. These specifications also apply from +2°C to Tyax in the circuit of 
Figure 1. Specifications in boldface apply over the full rated temperature range. 

Note 2: Thermal resistance of the TO-46 package is 400°C/W, junction to ambient, and 24°C/W junction to case. Thermal resistance of the TO-92 package is 
180°C/W junction to ambient. Thermal resistance of the small outline molded package is 220°C/W junction to ambient. For additional thermal resistance 
information see table in the Applications section. 
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Electrical Characteristics (Note 1) (Note 6) (Continued) 


LM35 LM35C, LM35D 


Tested Design Tested Design 
Limit Limit Limit Limit 
(Note 4) | (Note 5) (Note 4) | (Note 5) 


Parameter Conditions Ty Typical 


pical 


Accuracy, °C 
LM35, LM35C °C 
(Note 7) °C 


°C 


Accuracy, °C 
LM35D °C 
(Note 7) Ta=TnMIN °C 


°C 


LM35/LM35A/LM35C/LM35CA/LM35D 


Nonlinearity TaIn< TAS TMAX +0.3 

(Note 8) 

Sensor Gain Tuin< TAS TMAX + 10.0 + 9.8, +10. + 9.8, mV/°C 

(Average Slope) +10.2 +10.2 

Load Regulation Ta=+25°C +0.4 +2.0 +0.4 +2.0 mV/mA 

(Note 3) 0<I_<1mA TuiIn< TAS T MAX +0.5 +5.0 +0.5 +5.0 mV/mA 

Line Regulation Ta=+25°C +0.01 +0.1 +£0.01 +0.1 mV/V 

(Note 3) 4V<Vs<30V +0.02 +0.2 +0.02 +0.2 mV/V 
56 80 


Quiescent Current Vs= +5V, +25°C 56 80 pA 
(Note 9) Vs=+5V 105 158 91 pA 
Vs=+30V, + 256°C 82 56.2 82 pA 
Vs= +30V 161 91.5 pA 
Change of 4V<Vsg<30V, +25°C 0.2 pA 
Quiescent Current 4V<Vs<30V 0.5 pA 
(Note 3) 


Temperature +0.39 +0.7 + 0,39 +0.7 pA/?C 

Coefficient of 

Quiescent Current 

Minimum Temperature | In circuit of +1.5 +2.0 +1.5 

for Rated Accuracy Figure 7, \_=0 

Long Term Stability Ty=Tmax; for +0.08 +0.08 °C 
1000 hours 


Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 
Note 4: Tested Limits are guaranteed and 100% tested in production. 


Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 


Note 6: Specifications in boldface apply over the full rated temperature range. 


Note 7: Accuracy is defined as the error between the output voltage and 10mv/°C times the device’s case temperature, at specified conditions of voltage, current, 
and temperature (expressed in °C). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 7. 


Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions. See Note 1. 


Note 114: Human body model, 100 pF discharged through a 1.5 kQ. resistor. 


Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National 
Semiconductor Linear Data Book for other methods of soldering surface mount devices. 
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Typical Performance Characteristics 


Thermal Resistance Thermal Response 
Junction to Air Thermal Time Constant in Still Air 
400 45 


TIME CONSTANT (SEC) 


THERMAL RESISTANCE (°C/W) 
PERCENT OF FINAL VALUE (%) 


anne 
0 on 


0 400 800 1200 1600 2000 0 400 800 1200 1600 2000 8 
AIR- VELOCITY (FPM) AIR VELOCITY (FPM) TIME (MINUTES) 


Quiescent Current 
Thermal Response in Minimum Supply vs. Temperature 
Stirred Oil Bath Voltage vs. Temperature (In Circuit of Figure 7.) 

20 160 
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TL/H/5516-17 


Quiescent Current 

vs. Temperature Accuracy vs. Temperature Accuracy vs. Temperature 

: (In Circuit of Figure 2.) (Guaranteed) 9 (Guaranteed) 
00 2.0 


QUIESCENT CURRENT (yA) 
TEMPERATURE ERROR (°C) 


40 —2.0 : 

-7 -25 25 75 125 175 -7%5 -25 25 75 = 125.175 -7% ~-25 2 75 125 175 
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TL/H/5516-18 


Noise Voltage Start-Up Response 
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LM35/LM35A/LM35C/LM35CA/LM35D 


Applications 


The LM35 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.01°C of the surface temperature. 


This presumes that the ambient air temperature is almost 
the same as the surface temperature; if the air temperature 
were much higher or lower than the surface temperature, 
the actual temperature of the LM35 die would be at an inter- 
mediate temperature between the surface temperature and 
the air temperature. This is expecially true for the TO-92 
plastic package, where the copper leads are the principal 
thermal path to carry heat into the device, so its tempera- 
ture might be closer to the air temperature than to the sur- 
face temperature. 


To minimize this problem, be sure that the wiring to the 
LM35, as it leaves the device, is held at the same tempera- 


ture as the surface of interest. The easiest way to do this is 


to cover up these wires with a bead of epoxy which will 
insure that the leads and wires are all at the same tempera- 
ture as the surface, and that the LM35 die’s temperature will 
not be affected by the air temperature. 


The TO-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course, in that case the 
V— terminal of the circuit will be grounded to that metal. 
Alternatively, the LM35 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
into a threaded hole in a tank. As with any IC, the LM35 and 
accompanying wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 
used to insure that moisture cannot corrode the LM35 or its 
connections. 


These devices are sometimes soldered to a small light- 
weight heat fin, to decrease the thermal time constant and 
speed up the response in slowly-moving air. On the other 
hand, a small thermal mass may be added to the sensor, to 
give the steadiest reading despite small deviations in the air 
temperature. 


Temperature Rise of LM35 Due To Self-heating (Thermal Resistance) 


TO-46, TO-46, TO-92, TO-92, SO-8 SO-8 
no heat sink smallheatfin* noheatsink smallheatfin** no heat sink small heat fin** 

Still air 400°C/W 100°C/W 180°C/W 140°C/W 220°C/W 110°C/W 
Moving air 100°C/W 40°C/W 90°C/W 70°C/W 105°C/W 90°C/W 
Still oil 100°C/W 40°C/W 90°C/W 70°C/W 

Stirred oil 50°C/W 30°C/W 45°C/W 40°C/W 

(Clamped to metal, 

Infinite heat sink) (24°C/W) (55°C/W) 


* Wakefield type 201, or 1” disc of 0.020” sheet brass, soldered to case, or similar. 


Typical Applications (Continued) 


HEAVY CAPACITIVE LOAD, WIRING, ETC. 


TO A HIGH-IMPEDANCE LOAD 


TL/H/5516-19 


FIGURE 3. LM35 with Decoupling from Capacitive Load 


CAPACITIVE LOADS 


Like most micropower circuits, the LM35 has a limited ability 
to drive heavy capacitive loads. The LM35 by itself is able to 
drive 50 pf without special precautions. If heavier loads are 
anticipated, it is easy to isolate or decouple the load with a 
resistor; see Figure 3. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 4. 


When the LM35 is applied with a 200. load resistor as 
shown in Figure 5, 6, or 8, it is relatively immune to wiring 


** TO-92 and SO-8 packages glued and leads soldered to 1” square of Y4—” printed circuit board with 2 oz. foil or similar. 


r HEAVY CAPACITIVE LOAD, WIRING, ETC. 


\ 

| 

| 
0.1 pF BYPASS —L. 

OPTIONAL ATS 

| 

| 

{ 

Loe 


TL/H/5516-20 
FIGURE 4. LM35 with R-C Damper 


capacitance because the capacitance forms a bypass from 
ground to input, not on the output. However, as with any 
linear circuit connected to wires in a hostile environment, its 
performance can be affected adversely by intense electro- 
magnetic sources such as relays, radio transmitters, motors 
with arcing brushes, SCR transients, etc, as its wiring can 
act as a receiving antenna and its internal junctions can act 
as rectifiers. For best results in such cases, a bypass capac- 
itor from Vix to ground and a series R-C damper such as 
75Q in series with 0.2 or 1 »F from output to ground are 
often useful. These are shown in Figures 13, 14, and 76. 


Typical Applications (Continued) 


Vout =10 mV/°C (Tampient +1°C) 
FROM +2°C TO +40°C 


TWISTED PAIR 


200 
1% 


Vour=10 mV/°C (Tampient +1°C) 
FROM +2°C TO +40°C 


5% 
OR 10k RHEOSTAT 
FOR GAIN ADJUST 


200 
1% 


TWISTED PAIR 


TL/H/5516-6 
FIGURE 6. Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 


GSEINT/VOSEINT/DSEINT/VSENT/SENT 


TL/H/5516-5 
FIGURE 5. Two-Wire Remote Temperature Sensor 
(Grounded Sensor) 


+Vs 


r--- 


0 
0.1 pF 
Bypass —— 
Vout OPTIONAL 


TWISTED PAIR 


Vout =10 mV/°C (Tampient + 10°C) 
FROM —5°C to +40°C 


200 
1% 


TL/H/5516-7 
FIGURE 7. Temperature Sensor, Single Supply, — 55° to a0 
+ 150°C = 

TL/H/5516-8 


FIGURE 8. Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 


+Vs 
(6V TO 20V) 


+5V TO +30V 


2N2907 


OFFSET 
ADJUST 


Vout = 
+1.0 mV/°F 


26.4k 
1% 


TL/H/5516-9 
FIGURE 9. 4-To-20 mA Current Source (0°C to + 100°C) 


TL/H/5516-10 
FIGURE 10. Fahrenheit Thermometer 
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Typical Applications (Continued) 


100 pA, 
60 mV 
FULL-SCALE 


LM385-2.5 


TL/H/5516-14 
FIGURE 11. Centigrade Thermometer (Analog Meter) 


. TL/H/5516-12 
FIGURE 12. Expanded Scale Thermometer 


(50° to 80° Fahrenheit, for Example Shown) 


LM35 _ . | 


SERIAL 
[SRE |} ADCO8031 DATA OUTPUT 


LM35/LM35A/LM35C/LM35CA/LM35D 


CLOCK 
ENABLE 


GND 
TL/H/5516-13 


FIGURE 13. Temperature To Digital Converter (Serial Output) (+ 128°C Full Scale) 


TL/H/5516-14 
FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE® Outputs for 
Standard Data Bus to pP Interface) (128°C Full Scale) 
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Typical Applications (Continued) 


69 70 71 72 73 74 76 #77 «78 80 81 82 84 85 686 


~ ey i 


LM3914 


LM3914 


Eat _ 


TL/H/5516-16 


=1% or 2% film resistor 
-Trim Rg for Vg=3.075V 
-Trim Rc for Vo=1.955V 
-Trim Ra for Va=0.075V + 100mV/°C X Tambient 
-Example, Va=2.275V at 22°C 


FIGURE 15. Bar-Graph Temperature Display (Dot Mode) 


LOW TEMPCO 


; TL/H/5516-15 
FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Output 
(2°C to + 150°C; 20 Hz to 1500 Hz) 


321 


GSEINT/VOSEINT/OSENT/VSEWT/SENT 


LM35/LM35A/LM35C/LM35CA/LM35D 


Block Diagram 
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Vour =10 mv/°C 


TL/H/5516-23 


CA National PRELIMINARY 
Semiconductor 


LM4040 
Precision Micropower Bandgap Shunt Reference 


General Description Key Specifications (im4040-2.5) 

The LM4040 is a precision micropower curvature-corrected | ™ Output voltage tolerance (A grade, 25°C) +0.1% (max) 
bandgap shunt voltage reference with different reverse m Low output noise (10 Hz to 10 kHz) 35 Vrms (typ) 
breakdown voltages available. In addition to the adjustable Low temperature coefficient 100 ppm/°C (max) 
version, the fixed reverse breakdown voltages include jm Wide operating current range 60 pA to 15 mA 


1.222V, 2.500V, 4.096V, 5.000V, 8.192V, and 10.000V. The 
typical minimum operating current ranges from 35 pA for 
the LM4040-1.225 and LM4040-ADJ to 75 pA for the 
LM4040-10.000. All versions have a maximum operating Features 

current of 15 mA. The LM4040 is fabricated using National's | @ Small package: SOT-23, TO-92, and SO8 

L-FAST process, minimizing die size to accommodate the =™ Fixed reverse breakdown voltages of 1.222V, 2.500V, 
surface-mount SOT-23 package while maximizing perform- 4.096V, 5.000V, 8.192V, and 10.000V available 

ance and accuracy. @ Adjustable version voltage range: 1.222V to 10V 


The LM4040 utilizes fuse and zener-zap reverse breakdown _™@ No output capacitor required 

voltage trim during wafer sort to ensure that the prime parts | ™ Tolerates capacitive loads 

have an accuracy of better than +0.1% (A grade) at 25°C. m —40°C to +125°C temperature range available—con- 
Bandgap reference curvature correction and low dynamic tact National Semiconductor Linear Marketing 
impedance ensure stable reverse breakdown voltage accu- 

racy over a wide range of operating temperatures and cur- Applications 


@ Industrial temperature range —40°C to + 85°C 


rents. m Data Acquisition Systems 
The LM4040 does not require any output capacitor for: sta- @ Instrumentation 
bility and will tolerate capacitive loading. @ Process Control 


@ Energy Management 
Product Testing 

Automotive 

Precision Audio Components 


Typical Application Connection Diagrams 


TL/H/11288-2 TL/H/11288-3 
Top View Bottom View 


SOT-23 _T0-92 
Plastic Surface Mount Plastic Package (Z) 


TL/H/11288-1 Package (M3) 


ne 


ne 4 Nc 
no B Nc 


ted 2 apJt 


TL/H/11288-4 


Top View 
S08 
Plastic Surface Mount Package (M) 


_ tApplies to LM4040-ADuJ versions only; 
NC for all others. 
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OvoriINt 


LM12458 


National 


GA Semiconductor 


LM12458 12-Bit + Sign Data Acquisition 
System with Self-Calibration 


General Description = Compa aie 


; ; ; > ta (“watchdog” mode) 2.2 ws/channel (max) 

The LM12458 isa highly integrated Data Acquisition Sys- w Integral linearity error +1 LSB (max) 
tem. Operating on just 5V, it combines a fully-differential er 

eens ee ; ; Bw Power dissipation 30 mW (max) 
self-calibrating (correcting linearity and zero errors) 13-bit 
(12-bit + sign) analog-to-digital converter (ADC) and sam- ® Stand-by mode 50 pW (typ) 
ple-and-hold with extensive analog functions and digital 
functionality. Up to 32 consecutive conversions, using two’s Features 
complement format, can be stored in an internal 32-word ™ Three operating modes: 12-bit + sign, 8-bit + sign, 
(16-bit wide) FIFO data buffer. An internal 8-word RAM can and “watchdog” 
store the conversion sequence for up to eight acquisitions ™ Fully differential inputs: —5V to 5V differential input 
through the eight-input multiplexer. The LM12458 can also voltage range, OV to 5V common-mode input voltage 
operate with 8-bit + sign resolution and in a supervisory range 


“watchdog” mode that compares an input signal against ™ Built-in Sample-and-Hold and 2.5V bandgap reference 
two programmable limits. _ @ Instruction RAM and event sequencer 

Programmable acquisition times and conversion rates are ™ 8-channel multiplexer 

possible through the use of internal clock-driven timers. The —g_32-word conversion FIFO 

reference voltage input can be externally generated for ab- Programmable acquisition times and conversion rates 
solute or ratiometric operation or can be derived using the = Self-calibralion and diagnostic mode 

interid) 2.59 Banegp reteronce @ 8- or 16-bit wide daiabuis microprocessor or DSP inter 
All registers, RAM, and FIFO are directly. addressable gang 


through the high speed microprocessor interface to either 


an 8-bit or 16-bit databus. The LM12458 includes direct 4 5 
memory access (DMA) for high-speed conversion data Applications 
transfer. @ Data Logging 

@ Instrumentation 
Key Specifications (fc, = 5.0 MHz) w Process Control 
w Resolution 12-bit + sign or 8-bit + sign ™@ Energy Management 
13-bit conversion time - 88 ps (max) §& Robotics 
& 9-bit conversion time 4.2 ws (max) ™ Signal Analysis 


@ Through-put rate 87k samples/s @ 13 bits (min) 


Connection Diagram 


6 5 4 3 2 


1 44 43 42 41 


LM12458 


18 19 20 21 22 23 24 25 26 27 28 


TL/H/11264-2 


Order Number LM12458CIV 
See NS Package Number V44A 
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Functional Diagram 


(LSB) DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 


D8 

D9 

D10 

Di1 

D1i2 

D13 

Di4 
(MSB) D15 


AO 
At 
A2 
A3 
A4 
cs 
RD 
WR 


BW 


LIMIT AND 
INTERRUPT 
STATUS 
REGISTERS 


INTERRUPT 
ENABLE 
REGISTER 


DATA 
BUS 
BUFFER 


SELECT SEQUENCER 


& 
CONTROL 
LOGIC 


INSTRUCTION 


RAM 
8 X 48 


CONFIGURATION 
REGISTER 
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INTERRUPT 
CONTROL 
LOGIC 


2.5V 
BANDGAP 
REFERENCE 


MULTIPLEXER 


VREFOUT 


TL/H/11264-1 


8SPCLINT 


LM12458 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, See AN-450 ‘Surface Mounting Methods and Their Effect 
please contact the National Semiconductor Sales on Product Reliability” for other methods of soldering sur- 
Office/Distributors for availability and specifications. face mount devices. 
Supply Voltage (Vat and Vp*) 6.0V . ? 
Voltage at Input and Output Pins Operating Ratings (Notes 1 & 2) 
except INO-IN7 —0.3V toVt + 0.3V Temperature Range 
Voltage at Analog Inputs INO-IN7 GND — 5VtoV+ + 5V (Tmin < Ta < Tmax) 
LM12458ClV —40°C < Ta < 85°C 
Vat — Vp*| 300 mV 
Input Current at Any Pin (Note 3) +5mA “pene A 
Package Input Current (Note 3) +20 mA Vat» Vp SAV 9 S.b 
Power Dissipation (Ta = 25°C) Vat — Vt 2190 my 
V Package (Note 4) 875 mW Vrer+ Input Voltage OV < Vrer+ < Vat 
Storage Temperature —65°C to + 150°C Vrer— Input Voltage OV < VRer— < VREF+ 
Lead Temperature \VpeF+ — VReF—| 1V < Vrer < Vat 
V Package, Infrared, 15 sec. + 300°C Vref Common Mode Range OV < Vrercom < V+ — 2.0V 


ESD Susceptibility (Note 5) 1.5kV 


Converter Characteristics 

The following specifications apply for Vat = Vpt = 5V, Vaer+ = 5V, VREF— = OV, 12-bit + sign conversion mode, foLk = 
5.0 MHz, Rs = 252, source impedance for VaeF+ and VpeF— < 2502, fully-differential input with fixed 2.5V common-mode 
voltage, and minimum acquisition time unless otherwise specified. Boldface limits apply for Ta = Ty = Tin to Tmax; all 
other limits Ta = Ty = 25°C. (Notes 6, 7, 8 and 9) 


Typical Limits Unit 
lines | parameter | Conan (Note 10) | (Note 11) | (Limit 
ILE Positive and Negative Integral After Auto-Cal (Note 12) 4/2 +4 LSB (max) 

Linearity Error 
TUE Total Unadjusted Error After Auto-Cal (Note 12) ee ee ee 
Resolution with No Missing Codes After Auto-Cal(Note12) | ss | 43 Bits (max) 
DNL Differential Non-Linearity After Auto-Cal | | aya | LSB (max) 
After Auto-Cal (Note 19) LSB (may) 
Positive Full-Scale Error After Auto-Cal (Note 12) +2 LSB (max) 
Negative Full-Scale Error After Auto-Cal (Note 12) LSB (max) 
DC Common Mode Error (Note 14) LSB (max) 
ILE 8-Bit + Sign and “Watchdog” (Note 12) 
Mode Positive and Negative +1/2 LSB (max) 
Integral Linearity Error 
TUE 8-Bit + Sign and “Watchdog” Mode After Auto-Zero ra 
+ 
Total Unadjusted Error eens eae sie Recapist 
8-Bit + Sign and “Watchdog” Mode Bits (max) 
Resolution with No Missing Codes 
DNL 8-Bit + Sign and “Watchdog” Mode ” 
Differential Non-Linearity ee ee ee seals 
8-Bit + Sign and “Watchdog” Mode After Auto-Zero +4/2 LSB (max) 
Zero Error 
8-Bit + Sign and “Watchdog” Positive 
+ 
and Negative Full-Scale Error ee eee ee wl 
8-Bit + Sign and “Watchdog” Mode #, 
Multiplexer Channel-to-Channel +0.05 LSB 
Matching 
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Converter Characteristics (continued) : 

The following specifications apply for Vat = Vp+ = 5V, VREF+ = 5V, VreF— = OV, 12-bit + sign conversion mode, fotk = 
5.0 MHz, Rg = 252, source impedance for Vagr+ and VREF— < 250, fully-differential input with fixed 2.5V common-mode 
voltage, and minimum acquisition time unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tyay; all 
other limits T, = Ty = 25°C. (Notes 6, 7, 8 and 9) 


Typical Limits Unit 
(Note 10) | (Note 11) (Limit) 
GND V (min) 
Vat V (max) 


Power Supply Zero Error 
Sensitivity Full-Scale Error 
(Note 15) Linearity Error 


Selected Multiplexer Channel Input 
Capacitance 


Converter AC Characteristics 
The following specifications apply for Va + = Vp+ = SV, VREF+ = 5V, VreF— = OV, 12-bit + sign conversion mode, foLk = 
5.0 MHz, Rg = 259, source impedance for Vagr+ and VREF— < 250, fully-differential input with fixed 2.5V common-mode 
voltage, and minimum acquisition time unless otherwise specified. Boldface limits apply for Ta = Ty = Tin to Tay; all 
other limits Ta = Ty = 25°C. (Notes 6, 7, 8 and 9) 


wie Typical Limits Unit 
mie (Note 8 (Note 10) | (Limi 
Clock Duty Cycle % 
40 % (min) 
% (max) 
13-Bit Resolution, 
Sequencer State S5 (Figure 7) 44 (tcLk) 44 (tek) + 5Ons Krneaa 
9-Bit Resolution, 
Sequencer State S5 (Figure 7) 21 (Ick) 21 (erk) + 5Ons (rex) 
Sequencer State S7 (Figure 7) 
Built-in minimum for 13-Bits 9 (tek) 9 (terk) + 5Ons imax) 
Built-in minimum for 9-Bits and 


Vat = Vpt = 5V +10% 
VreF+ = 4.5V, Vaer— = GND 


LSB (max) 
LSB (max) 
LSB 


2] 


Conversion Time 


ta Acquisition Time 


tz Auto-Zero Time Sequencer State S2 (Figure 7) | 76 (tc) 76 (te_K) + 50ns (max) 
tcaL Full Calibration Time Sequencer State S2 (Figure 7) | 4944 (tc) | 4944 (teLk) + 5Oms| (max) 


two “Watchdog” Mode Comparison Time | Sequencer States S6, S4, 
Sn a Sk La and $5 (Figure 7) pclae cue a 


BSNR Bipolar Signal-to-Noise Ratio 
= 77.5 dB 
75.2 dB 
74.7 dB 


USNR Unipolar Signal-to-Noise Ratio 3 
69.8 dB 
fin = 20 kHz 69.2 dB 
fin = 40 kHz 66.6 dB 

BSINAD | Bipolar Signal-to-Noise + + 

Distortion Ratio 76.9 dB 
fin = 20 kHz 73.9 dB 
fin = 40 kHz 70.7 dB 


327 


SSPCLINT 


LM12458 


Converter AC Characteristics (Continued) 

The following specifications apply for Vat = Vpt = 5V, VReF+ = 5V, VaeF— = OV, 12-bit + sign conversion mode, fcLk = 
5.0 MHz, Rg = 259, source impedance for Vrer+ and VReF— < 250, fully-differential input with fixed 2.5V common-mode 
voltage, and minimum acquisition time unless otherwise specified. Boldface limits apply for Ta = Ty = Tmin to Tmax: all 


Limits Unit 
(Note 10) (Limit) 


dB 
dB 
dB 


other limits Ta = Ty = 25°C. (Notes 6, 7, 8 and 9) 
Symbol 


USINAD Unipolar Signal-to-Noise + 


Distortion Ratio 


Bipolar Total Harmonic 
Distortion 


Unipolar Total Harmonic 
Distortion 


Bipolar Effective Number of Bits 


Unipolar Effective Number of Bits 


Bipolar Spurious Free Dynamic 
Range 


tpu Power-Up Time 
twu Wake-Up Time 


Typical 
(Note 9) 
Vin = 5 Vp-p 

fin = 1 kHz 69.4 
fin = 20 kHz 68.3 
fin = 40 kHz 65.7 


Vin = £5V 
fin = 1 kHz 
fin = 20 kHz 
fin = 40 kHz 
Vin = 5 Vp-p 
fin = 1 kHz 
fin = 20 kHz 
fin = 40 kHz 


Vin = £5V 
fin = 1 kHz 
fin = 20 kHz 
fin = 40 kHz 
Vin = 5 Vp-p 
fin = 1 kHz 
fin = 20 kHz 
fin = 40 kHz 


dB 
dB 
dB 


DC Characteristics The following specifications apply for Vat = Vp+ = 5V, Vrer+ = 5V, VREF— = OV, foLk = 
5.0 MHz, and minimum acauisition time unless otherwise specified. Boldface limits apply for Ta = Ty = Twin to Tmax; all 


other limits Ta = Ty = 25°C. (Notes 6, 7 and 8) 


Vpt Supply Current . 
Vat Supply Current 


Stand-By Supply Current (Ip+ + Ia7) 


Multiplexer ON-Channel Leakage Current 


Multiplexer OFF-Channel Leakage Current 


Typical Limits Unit 
(Note 9) | (Note 10) (Limit) 


re CT 


mA (max) 


Power-Down.Mode Selected 
Clock Stopped 


{ 
10 
5 MHz Clock 40 


0.1 
0.1 
0.1 
0.1 


Vat = 5.5V 
ON-Channel = 5.5V 
OFF-Channel = OV 
ON-Channel = OV 
OFF-Channel = 5.5V 


Vat = 5.5V 
ON-Channel = 5.5V 
OFF-Channel = OV 
ON-Channel = OV 
OFF-Channel = 5.5V 


pA (max) 


pA (max) 
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Internal Reference Characteristics the following specifications apply for Vat = Vp+ = 5V unless 
otherwise specified. Boldface limits apply for Ta’ = Ty = Tmin to Tyax; all other limits Ta = Ty = 25°C. (Notes 6 and 7) 


' Typical Limits Unit 
cents (Note 9) | (Note 10) 


(Limit) 
Internal Reference Output Voltage 2.5 +4% 


fu aad oe V (man 
Internal Reference Temperature 
=, 40 
Coefficient 
0) 


Symbol 


VREFOUT 
AVrer/AT 


ppm/°C 


Arer/AIL %/mA (max) 


%/mA (max) 


Internal Reference Load Regulation a ae 
Sinking (—1 < IL < 0 mA) 

| LineRegulation  aevevatssey =| a | as | 

[Internal Reference Short Grout Curent | Vaerour=ov |_| as 

| Longtermstabiiy | CdLCtsd|C 


Isc 
AVperF/At 


Internal Reference Start-Up Time Vat = Vpt =0V — 5V 
CL = 100 pF 


tsu 1 


Digital Characteristics the following specifications apply for Vat = Vp+ = 5V, Vrer+ = 5V, Vaer— = OV, 
fcLk = 5.0 MHz. Boldface limits apply for Ta = Ty = Tyin to Tmax; all other limits Ta = Ty =.25°C. (Notes 6, 7 and 8) 


% 
Logical ‘‘1” Input Voltage 
| Logical “o” Input Curent | V=0v | 0.005 | 
a 


DO-D15 Input Capacitance 


Vat = Vpt = 4.5V 
lout = —360 pA 
louT = —10 pA 


Logical “0” Output Voltage Vat =Vpt = 4.5V 
lout = 1.6mA 
TRI-STATE® Output Leakage Current Vout = OV —0.01 
, Vout = 5V 0.01 


Digital Timing Characteristics aie 

The following specifications apply for Va+ = Vp+ = 5V, t, = ty = 3 ns, and CL = 100 pF on data I/O, INT and DMARQ lines 
unless otherwise specified. Boldface limits apply for Ta = Ty = Tain to Tyax; all other limits Ta = Ty = 25°C. (Notes 6, 7 
and 8) 


Symbol 
(See Figures 
4a, 4b, and 4c) 


VouT(1) Logical ‘‘1” Output Voltage 


VouT(o) 


pA (max) 
pA (max) 


Unit 
(Limit) 


Limits 
(Note 10) 


~ CS or Address Valid to ALE Low 
Set-Up Time 
CS or Address Valid to ALE Low 
Hold Time 


Parameter 


ns (min) 


ns (min) 


ns (min) 


ns (min) 
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Digital Timing Characteristics (Continued) 3 
The following specifications apply for Vat = Vpt = SV, t, = t = Sns, and C, = 100 pF on data I/O, INT and DMARG@ lines 
unless otherwise specified. Boldface limits apply for Ta = Ty = Tin to Tmax; all other limits Ta = Ty = 25°C. (Notes 6, 7 
and 8) 


Symbol ; 
(See Figures Parameter 
4a, 4b, and 4c) 


Typical Limits Unit 
(Note 9) | (Note 10) (Limit) 


Conditions 


7 ALE Low to RD Low es ee ee) 
@ | Rb Pulse wa ene CE CT 
: RD High to Next RD or WR Low P10 ns rin 
10 ALE Low to WR Low ff 20 string 
1 WR Pulse Wiath pe 60 [ne tminy 
12 WA High to Next ALE High ee ee 
13 WR High to Next RD or WA Low es ee 
14 DataValidtoWRHighSetuptime | «| si Sans (min) 
e RG RUURHAtee = (acs ula wes baie, — hooet 
16 RD Low to Data Bus Out of TRI-STATE 40 ns (min) 
ns (max) 
17 RD High to TRI-STATE RL = 1k 30 ns (min) 
: ns (max) 
18 RD Low to Data Valid (Access Time) 30 10 ns (min) 
ae ; 80 ns (max) 
21 Address Valid or CS Low to RD High Tee ek ee ee ns (min) 
20 Address ValidorCSLowtowRHign | | [| 80. ns (min) 
19, 20 Address Invalid or CS High er, 
from RD or WR High ; 
23 INT High from RD Low 30 ns (min) 
ns (max) 
24 DMARGQ Low from RD Low 30 10 ns (min) 
; 60 ns (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. ; 

Note 3: When the input voltage (Vix) at any pin exceeds the power supply rails (Viy < GND or Vin > (Vat or Vpt)), the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current of 5 mA, to simultaneously exceed the power 
supply voltages. ; ‘ 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax (maximum junction temperature), @ja (package 
junction to ambient thermal resistance), and Ta (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (TJmax — Ta)/ 
@4a or the number given in the Absolute Maximum Ratings, whichever is lower. For.this device, Tjmax = 150°C, and the typical thermal resistance (@a) of the 
LM12458 in the V package, when board mounted, is 47°C/W. ' 

Note 5: Human body model, 100 pF discharged through a 1.5 k© resistor. 

Note 6: Two on-chip diodes are tied to each analog input through a series resistor, as shown below. Input. voltage magnitude up to 5V above Vat or 5V below 


GND will not damage the LM12458. However, errors in the A/D conversion can occur if these diodes are forward biased by more than 100 mV. As an example, if 
Vat is 4.5 Vpc, full-scale input voltage must be < 4.6 Vpc to ensure accurate conversions. 


Vat 


TO INTERNAL 
CIRCUITRY 


TL/H/11264-3 
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Digital Timing Characteristics (ontinuea) 


Note 7: Vat and Vp* must be connected together to the same power supply voltage and bypassed with separate capacitors at each V+ pin to assure 
conversion/comparison accuracy. 


Note 8: Accuracy is guaranteed when operating at fo. = 5 MHz. 

Note 9: With the test condition for Vrer (VReF+ — VReF—) given as +5V, the 12-bit LSB is 1.22 mV and the 8-bit/““Watchdog” LSB is 19.53 mV. 
Note 10: Typicals are at Ta = 25°C and represent most likely parametric norm. 

Note 11: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 


Note 12: Positive integral linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that passes through positive full- 
scale and zero. For negative integral linearity error the straight line passes through negative full-scale and zero. (See Figures 1b and 1c). 


Note 13: Zero error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed in LSB. It is the worst-case value of the code transitions 
between —1 to 0 and 0 to +1 (see Figure J. 


Note 14: The DC common-mode error is measured with both inputs shorted together and driven from OV to 5V. The measured value is referred to the resulting 
output value when the inputs are driven with a 2.5V signal. 


Note 15: Power Supply Sensitivity is measured after Auto-Zero and/or Auto-Calibration cycle has been completed with Vat and Vp+ at the specified extremes. 


Electrical Characteristics (continuea) 
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FIGURE 1a. Transfer Characteristic 
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FIGURE 1b. Simplified Error Curve vs Output Code without Auto-Calibration or Auto-Zero Cycles 
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Electrical Characteristics (Continued) 
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uu 
a 
S 
oO 
— 
D> 
oa 
Ee 
=! 
o 


OFFSET VOLTAGE 


ANALOG INPUT VOLTAGE (Vj) 


FIGURE 2. Offset or Zero Error Voltage 


332 


TL/H/11264-7 
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Typical Performance Characteristics 
The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. The performance for 8-bit + 
sign and “watchdog” modes is equal to or better than shown. (Note 9) 
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vs Clock Frequency vs Temperature vs Reference Voltage 
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Typical Performance Characteristics (Continued) 
The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. The performance for 8-bit + 
sign and “watchdog” modes is equal to or better than shown. (Note 9) 


Analog Supply Current Digital Supply Current Digital Supply Current 
vs Temperature vs Clock Frequency vs Temperature 
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Typical Dynamic Performance Characteristics 


The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 
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SIGNAL LEVEL (dB) 


SIGNAL LEVEL (dB) 


S/(N+D) (dB) 


SIGNAL LEVEL (dB) 


Bipolar Spectral Response with 


1.028 kHz Sine Wave Input 


Ry = 500 
Vin = 25V 
Ty = 25°C 
Vat =Vp+ = Vpep = +5V 
fou, = 5 MHz 

Sampling Rate = 87.7 kHz 
S/N = 77.50 dB 
S/(N+D) =76.90dB 


Lil aha Til ry Fy" ih du 
Vide Mihai abil dil 
0 5 10 15 20 25 30 35 40 45 
FREQUENCY (kHz) 


Vat =Vp+=Vpep = +5V 
fox = 5 MHz 


Sampling Rate = 87.7 kHz 
S/N=71.80dB 
S/(N+D) = 68.01 dB 


inl 


Ny ba if {| DAT Fa, PUT riw Hitt 

addi alla ul 

10 15 20 25 30 35 40 
FREQUENCY (kHz) 


Unipolar Signal-to-Noise 
+ Distortion Ratio 
vs Input Frequency 


Vy+=Vp+ = Vper = +5V 
fox = 5 MHz 
Sampling Rate = 87.7 kHz 


Rniiill 
INT 
= Miteenet | | {IIIT 
| | 
LT TTT 


1 10 100 


FREQUENCY (kHz) 


Bipolar Spectral Response 
with 40 kHz Sine Wave Input 


SIGNAL LEVEL (dB) 


SIGNAL LEVEL (dB) 


S/(N+D) (dB) 


Unipolar Spectral Response 


with 10 kHz Sine Wave Input 


Rg = 500 
Yin =5¥p_p 
Vat =Vp+ = Veep = +5V 
fork = 5 MHz 
Ty = 25°C 
Sampling Rate = 87.7 kHz 
S/N= 69.25 dB 
S/(N+#D) = 68,90 dB 


5 10 15 20 25 30 35 40 
FREQUENCY (kHz) 


SIGNAL LEVEL (dB) 


Bipolar Spectral Response with 
10 kHz Sine Wave Input 


Vat =Vpt= Vpep = +5V 
for, = 5 MHz 

Sampling Rate = 87.7 kHz 
S/N= 75.97 dB 
S/(N#D) = 75.15 dB 


SAaBTINABI 
-100 it 


Rat Std t el esol ail ta 
A dd ll sd 
0 5 10 15 20 25 30 35 40 

FREQUENCY (kHz) 


Bipolar Spurious Free 
Dynamic Range 


Vy = 45V 
Rs= 500 
75 | |= 25°C 


FREQUENCY (kHz) 


Unipolar Signal-to-Noise 
+ Distortion Ratio 


vs Input Signal Level 
80 


Rs =500 
Th = 25°C 

Vat =Vp+ = Vper = +5V 
fork = 5 MHz 

Sempling Rate = 87.7 kHz 


qa oan 
o co 9a 


ao >» 
o fo 


bd 
Oo 


-70 -60 -50 -40 -30 -20 -10 0 
INPUT SIGNAL LEVEL (dB) 


Unipolar Spectral Response 
with 20 kHz Sine Wave Input 
0 


Sampling Rate = 87.7 kHz 
S/N = 69.20 dB 
S/(N+#D) = 68.31 dB 


5 10 15 20 25 30 35 40 
FREQUENCY (kHz) 


335 


Typical Dynamic Performance Characteristics (Continued) 


The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 
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Test Circuits and Waveforms 
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FIGURE 3. TRI-STATE Test Circuits and Waveforms 
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Timing Diagrams 
Vat = Vpt = +5V, tk = te = 3 ns, CL = 100 pF for the INT, DMARQ, DO-D15 outputs. 
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FIGURE 4a. Multiplexed Data Bus 
1, 3: CS or Address valid to ALE low set-up time. 
2, 4: CS or Address valid to ALE low hold time. 
5: ALE pulse width 
6: RD high to next ALE high 
7: ALE low to RD low 
8 
9 


: RD pulse width 

: RD high to next RD or WR low 
10: ALE low to WR low 
11: WR pulse width 
12: WR high to next ALE high 
13: WR high to next WR or RD low 
14: Data valid to WR high set-up time 
15: Data valid to WR high hold time 
16: RD low to data bus out of TRI-STATE 
17: RD high to TRI-STATE 
: RD low to data valid (access time) 
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agramMs (Continued) 
+5V, ta = te = 3ns, C_ = 100 pF for the INT, DMARQ, DO-D15 outputs. 
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TL/H/11264-17 
FIGURE 4b. Non-Multiplexed Data Bus (ALE = 1) 


8: RD pulse width 46: RD low to data bus out of TRI-STATE 
9: RD high to next RD or WR low 17: RD high to TRI-STATE 
11: WR pulse width 18: RD low to data valid (access time) 
43: WR high to next WR or RD low 49, 20: Address invalid or CS high from RD or WR high (hold 
14: Data valid to WR high set-up time time) — tae 
15: Data valid to WR high hold time 21: CS low or address valid to RD high 


22: CS low or address valid to WR high 


Vat = Vpt = +5V, ta = tp = 3ns, CL = 100 pF for the INT, DMARQ, DO-D15 outputs. 
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FIGURE 4c. Interrupt and DMARQ 


23: INT high from RD low 
24: DMARQ low from RD low 
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Vat 
Vpt 


DO-D15 


ALE 


CLK 


AO-A4 


SYNC 


Pin Description 


These are the analog and digital supply voltage 
pins. The LM12458’s supply voltage operating 
range is +4.5V to +5.5V. Accuracy is guaran- 
teed only if Va+ and Vp+ are connected to the 
same power supply. Each pin should have a par- 
allel combination of 10 pF (electrolytic or tanta- 
lum) and 0.1 uF (ceramic) bypass capacitors 
connected between it and ground. 


The internal data input/output TRI-STATE buff- 
ers are connected to these pins. These buffers 
are designed to drive capacitive loads of 100 pF 
or less. External buffers are necessary for driv- 
ing higher load capacitances. These pins allows 
the user a means of instruction input and data 
output. With a logic high applied to the BW pin, 
data lines D8-D15 are placed in a high imped- 
ance state and data lines DO-D7 are used for 
instruction input and data output when the 
LM12458 is connected to an 8-bit wide data bus. 
A logic low on the BW pin allows the LM12458 
to exchange information over a 16-bit wide data 
bus. 


This is the input for the active low READ bus 
control signal. The data input/output TRI-STATE 
buffers, as selected by the logic signal applied to 
the BW pin, are enabled when RD and GS are 
both low. This allows the LM12458 to transmit 
information onto the databus. 


This is the input for the active low WRITE bus 
control signal. The data input/output TRI-STATE 
buffers, as selected by the logic signal applied to 
the BW pin, are enabled when WR and GS are 
both low. This allows the LM12458 to receive 
information from the databus. 


This is the input for the active low Chip Select 
control signal. A logic low should be applied to 
this pin only during a READ or WRITE access to 
the LM12458. The internal clocking is halted and 
conversion stops while Chip Select is low. Con- 
version resumes when the Chip Select input sig- 
nal returns high. 


This is the Address Latch Enable input. It is used 
in systems containing a multiplexed databus. 
When ALE is asserted high, the LM12458 ac- 
cepts information on the databus as a valid ad- 
dress. A high-to-low transition will latch the ad- 
dress data on AO-A4 and the logic state on the 
CS input. Any changes on AO-A4 and GS while 
ALE is low will not affect the LM12458. See Fig- 
ure 4a. 


This is the external clock input pin. The 
LM12458 operates with an input clock frequency 
in the range of 0.05 MHz to 10.0 MHz. 


These are the LM12458’s address lines. They 
are used to access all internal registers, Conver- 
sion FIFO, and Instruction RAM. 


This is the synchronization input/output. When 
used as an output, it is designed to drive capaci- 
tive loads of 100 pF or less. External buffers are 
necessary for driving higher load capacitances. 
SYNC is an input if the Configuration register’s 


BW 


| 


DMARQ 


GND 


INO-IN7 


VREF— 


VREF + 


VREFOUT 


“I/O Select” bit is low. A rising edge on this pin 
causes the internal S/H to hold the input signal. 
The next rising clock edge either starts a conver- 
sion or makes a comparison to a programmable 
limit depending on which function is requested 
by a programming instruction. This pin will be an 
output if “I/O Select” is set high. The SYNC 
output goes high when a conversion or a com- 
parison is started and low when completed. (See 
Section 2.2). An internal reset after power is first 
applied to the LM12458 automatically sets this 
pin as an input. 

This is the Bus Width input pin. This input allows 
the LM12458 to interface directly with either an 
8- or 16-bit databus. A logic high sets the width 
to 8 bits and places D8-D15 in a high imped- 
ance state. A logic low sets the width to 16 bits. 


This is the active low interrupt output. This out- 
put is designed to drive capacitive loads of 
100 pF or less, External buffers are necessary 
for driving higher load capacitances. An interrupt 
signal is generated any time a non-masked inter- 
rupt condition takes place. There are eight differ- 
ent conditions that can cause an interrupt. Any 
interrupt is reset by reading the Interrupt Status 
register. (See Section 2.3.) 


This is the active high Direct Memory Access 
Request output. This output is designed to drive 
capacitive loads of 100 pF or less. External buff- 
ers are necessary for driving higher load capaci- 
tances. It goes high whenever the number of 
conversion results in the conversion FIFO 
equals a programmable value stored in the Inter- 
rupt register. It returns to a logic low when the 
FIFO is empty. 

This is the LM12458 ground connection. It 
should be connected to a low resistance and in- 
ductance analog ground return that connects di- 
rectly to the system power supply ground. 


These are the eight analog inputs. A given chan- 
nel is selected through the instruction RAM. Any 
of the channels can be configured as an inde- 
pendent single-ended input. Any pair of chan- 
nels, whether adjacent or non-adjacent, can op- 
erate as a fully differential pair. 


This is the negative reference input. The 
LM12458 operates with OV < Varr— < VREF+- 
This pin should be bypassed to ground with a 
parallel combination of 10 F and 0.1 pF (ce- 
ramic) capacitors. 

This is the positive reference input. The 
LM12458 operates with OV < Varr+ < Vat. 
This pin should be bypassed to ground with a 
parallel combination of 10 F and 0.1 pF (ce- 
ramic) capacitors. 


This is the internal 2.5V bandgap’s output pin. 
when used, this pin should be bypassed to 
ground with a 100 uF capacitor. When not used, 
an external bypass capacitor is not needed. 
However, to ensure the reference’s stability, 
keep stray capacitance below 50 pF. 
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Application Information 


1.0 Functional Description 


The LM12458 is a multi-functional Data Acquisition System 
that includes a fully differential 12-bit-plus-sign self-calibrat- 
ing analog-to-digital converter (ADC) with a two’s-comple- 
ment output format, an 8-channel analog multiplexer, an in- 
ternal 2.5V reference, a first-in-first-out (FIFO) register that 
can store 32 conversion results, and an Instruction RAM 
that can store as many as eight instructions to be sequen- 
tially executed. All of this circuitry operates on only a single 
+ 5V power supply. 


The LM12458 has three modes of operation: 
12-bit + sign with correction 
8-bit + sign without correction 
8-bit + sign comparison mode (“watchdog” mode) 


The fully differential 12-bit-plus-sign ADC uses a charge re- 
distribution topology that includes calibration capabilities. 
Charge re-distribution ADCs use a capacitor ladder in place 
of a resistor ladder to form an internal DAC. The DAC is 
used by a successive approximation register to generate 
intermediate voltages between the voltages applied to 
Vrer— and Vrer+- These intermediate voltages are com- 
pared against the sampled analog input voltage as each bit 
is generated. The number of intermediate voltages and 
comparisons equals the ADC’s resolution. The correction of 
each bit’s accuracy is accomplished by calibrating the ca- 
pacitor ladder used in the ADC. 


Two different calibration modes are available; one compen- 
sates for offset voltage, or zero error, while the other cor- 
rects both offset error and the ADC’s linearity error. 


When correcting offset only, the offset error is measured 
once and a correction coefficient is created. During the full 
calibration, the offset error is measured eight times, aver- 
aged, and a correction coefficient is created. After comple- 
tion of either calibration mode, the offset correction coeffi- 
cient is stored in an internal offset correction register. 


The LM12458’s overall linearity correction is achieved by 
correcting the internal DAC’s capacitor mismatch. Each ca- 
pacitor is compared eight times against all remaining small- 
er value capacitors and any errors are averaged. A correc- 
tion coefficient is then created and stored in one of the thir- 
teen internal linearity correction registers. An internal state 
machine, using patterns stored in an internal 16 x 8-bit 
ROM, executes each calibration algorithm. 

Once calibrated, an internal arithmetic logic unit (ALU) uses 
the offset correction coefficient and the 13 linearity correc- 
tion coefficients to reduce the conversion’s offset error and 
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linearity error, in the background, during the 12-bit + sign 
conversion. The 8-bit + sign conversion and comparison 
modes use only the offset coefficient. The 8-bit + sign 
mode performs a conversion in less than half the time used 
by the 12-bit + sign conversion mode. 


The LM12458’s “watchdog” mode is used to monitor a sin- 
gle-ended or differential signal’s amplitude. Each sampled 
signal has two limits. An interrupt can be generated if the 
input signal is above or below either of the two limits. This 
allows interrupts to be generated when analog voltage in- 
puts are “inside the window” or, alternatively, ‘outside the 
window”. After a “watchdog” mode interrupt, the processor 
can then request a conversion on the input signal and read 
the signal’s magnitude. 


The 8-channel analog input multiplexer can be configured 
for any combination of single-ended or fully differential oper- 
ation. Each input is referenced to ground when a multiplexer 
channel operates in the single-ended mode. Fully differen- 
tial analog input channels are formed by pairing any two 
channels together. 


An internal 2.5V bandgap reference output is available at 
pin 44. This voltage can be used as the ADC reference for 
ratiometric conversion or as a virtual ground for front-end 
analog conditioning circuits. When using this built-in refer- 
ence, the VReFouT pin should be bypassed to ground with a 
100 pF capacitor. If not used, ensure that stray capacitance 
at the VReFout pin is below 50 pF. 


Microprocessor overhead is reduced through the use of the 
internal conversion FIFO. Thirty-two consecutive conver- 
sions can be completed and stored in the FIFO without any 
microprocessor intervention. The microprocessor can, at 
any time, interrogate the FIFO and retrieve its contents. It 
can also wait for the LM12458 to issue an interrupt when 
the FIFO is full or after any number (<32) of conversions 
have been stored. 


Conversion sequencing, internal timer interval, multiplexer 
configuration, and many other operations are programmed 
and set in the Instruction RAM. 


A diagnostic mode is available that allows verification of the 
LM12458’s operation. This mode internally connects the 
voltages present at the VRerout, VREF+> Vrer—, and 
GND pins to the internal Viy+ and Vij— S/H inputs. This 
mode is activated by setting the Diagnostic bit (Bit 11) in the 
Configuration register to a “1”. More information concerning 
this mode of operation can be found in Section 2.2. 


2.1 INSTRUCTION RAM 


The instruction RAM holds up to eight sequentially execut- 
able instructions. Each 48-bit long instruction is divided into 
three 16-bit sections. READ and WRITE operations can be 
issued to each 16-bit section using the instruction’s address 
and the 2-bit “RAM pointer” in the Configuration register. 
The eight instructions are located at addresses 0000 
through 0111 (A4-A1, BW = 0) when using a 16-bit wide 
data bus or at addresses 00000 through 01111 (A4-A0, 
BW = 1) when using an 8-bit wide data bus. They can be 
accessed and programmed in random order. 


Any Instruction RAM READ or WRITE can affect the se- 
quencer’s operation: 


The Sequencer should be stopped by setting the RESET 
bit to a “1” or by resetting the START bit in the Configu- 
ration Register and waiting for the current instruction to 
finish execution before any Instruction RAM READ or 
WRITE is initiated. 


A soft RESET should be issued by writing a “1” to the 
Configuration Register’s RESET bit after any READ or 
WRITE to the Instruction RAM. 


The three. sections in the Instruction RAM are selected by 
the Configuration Register’s 2-bit “RAM Pointer”, bits D8 
and D9. The first 16-bit Instruction RAM section is selected 
with the RAM Pointer equal to “00”. This section provides 
multiplexer channel selection, as well as resolution, acquisi- 
tion time, etc. The second 16-bit section holds “watchdog” 
limit #1, its sign, and an indicator that shows that an inter- 
rupt can be generated if the input signal is greater or less 
than the programmed limit. The third 16-bit section holds 
“watchdog” limit #2, its sign, and an indicator that shows 
that an interrupt can be generated if the input signal is great- 
er or less than the programmed limit. 


Instruction RAM “00” 


Bit 0 is the LOOP bit. It indicates the last instruction to be 
executed in any instruction sequence when it is set to a “1”. 
The next instruction to be executed will be instruction 0. 


Bit 1 is the PAUSE bit. This controls the Sequencer’s opera- 
tion. The Sequencer will stop after reading the current in- 
struction, but before executing it, and the START bit, in the 
Configuration register, is automatically reset to a “0” when 
the PAUSE bit is set (“1”). Setting the PAUSE also causes 
an interrupt to be issued. The Sequencer is restarted by 
placing a “1” in the Configuration register’s Bit 0 (Start bit). 
Bits 2-4 select which of the eight input channels (‘000” to 
“111” for INO-IN7) will be configured as non-inverting in- 
puts to the ADC. (See Table I.) 


2.0 Internal User-Programmable Registers 
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Bits 5-7 select which of the seven input channels (001” to 
“111” for IN1 to IN7) will be configured as inverting inputs to 
the ADC. Fully differential operation is created by selecting 
two multiplexer channels, one operating in the non-inverting 
mode and the other operating in the inverting mode. A code 
of “000” selects ground as the inverting input for single 
ended operation. (See Table |.) 


Bit 8 is the SYNC bit. Setting Bit 8 to “1” causes the Se- 
quencer to suspend operation at the end of the internal 
S/H’s acquisition cycle and before the ADC starts a conver- 
sion. The ADC will wait until a rising edge appears at the 
SYNC pin. When a rising edge appears, the S/H acquires 
the input signal magnitude and the ADC performs a conver- 
sion on the clock’s next rising edge. When the SYNC pin.is 
used as an input, the Configuration register’s “I/O Select” 
bit (Bit 7) must be set to a “1”. With SYNC configured as an 
input, it is possible to synchronize the start of a conversion 
to an external event. This is useful in applications such as 
digital signal processing (DSP) where the exact timing of 
conversions is important. 


When the LM12458 is used in the “watchdog” mode with 
external synchronization, two rising edges on the SYNC in- 
put are required to initiate two comparisons. The first rising 
edge initiates the comparison of the selected analog input 
signal with Limit #1 (found in Instruction RAM “01”) and the 
second rising edge initiates the comparison of the same 
analog input signal with Limit #2 (found in Instruction RAM 
“10”). 

Bit 9 is the TIMER bit. When Bit 9 is set to “1” the Se- 
quencer will halt until the internal 16-bit Timer counts down 
to zero. During this time interval, no “watchdog” compari- 
sons or analog-to-digital conversions will be performed.” 


Bit 10 selects the ADC conversion resolution. Setting Bit 10 
to “1” selects 8-bit + sign and when reset to “0” selects 
12-bit + sign. 

Bit 11 is the “watchdog” comparison mode enable bit. 
When operating in the “watchdog” comparison mode, the 
selected analog input signal is compared with the program- 
mable values stored in Limit #1 and Limit #2 (see Instruc- 
tion RAM “01” and Instruction RAM “10”). Setting Bit 11 to 
“4”? causes two comparisons of the selected analog input 
signal with the two stored limits. When Bit 11 is reset to “0”, 
an 8-bit + sign or 12-bit + sign (depending on the state of 
Bit 10 of Instruction RAM “‘00”) conversion of the input sig- 
nal can take place. 
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AA Aa ADA] Purpose —_[Type[ors[oveore[or2| 11 [p10] pe | ve | o7 | os | vs | v¢ | os | 2 | os | oo 
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FIGURE 5. LM12458 Memory Map for 16-Bit Wide Databus (BW = “0”, Test Bit = “0” and AO = Don’t Care) 
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2.0 Internal User-Programmable Registers (Continue) 
Ad A3_A2_ At AO 
0 0 R/W 
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R/W 
Don’t Care >l< Sign 
R/W 1/0 Auto Chan | Stand- Full Auto- | Reset | Start 
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FIFO to Generate INT2 Generate INT1 
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FIGURE 6. LM12458 Memory Map for 8-Bit Wide Databus (BW = “1” and Test Bit = “0”) 
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Bits 12-15 are used to store the user programmable acqui- 
sition time. The Sequencer keeps the internal S/H in the 
acquisition mode for twice the number of clock cycles 
stored in Bits 12-15 (nine clock cycles, minimum for 12-bit 
+ sign conversions and two cycles for 8-bit + sign conver- 
sions or “watchdog” comparisons and 39 clock cycles, 
maximum. The minimum delay compensates for the typical 
internal multiplexer series resistance of 2 kQ). The neces- 
sary acquisition time is determined by the source imped- 
ance at the multiplexer input. If the source resistance (Rs) 
< 1009 and the clock frequency is 5 MHz, the value stored 
in bits 12-15 (tacq Factor) can be 0000. If Rs > 1000, the 
following equation determines the value stored in bits 12- 
15. 

Rs X foitk X 0.45 = taca Factor 
for 12-bits + sign 

Rs X foik X 0.36 = taca Factor 
for 8-bits + sign and “watchdog” 
Rg is in kO. and foLK is in MHz. Round the result to the next 
higher integer value. If tacq Factor is greater than 15, it is 
advisable to lower the source impedance through the use of 
an analog buffer between the signal source and the 
LM12458’s multiplexer inputs. 


Instruction RAM ‘01” 


The second Instruction RAM section is selected by placing 
a “01” in Bits 8 and 9 of the Configuration register. 


Bits 0-7 hold “watchdog” limit #1. When Bit 11 of Instruc- 
tion RAM “00” is set to a “1”, the LM12458 will perform a 
“watchdog” comparison of the sampled analog input signal 
with the limit #1 value first, followed by a comparison of the 
same sampled analog input signal with the value found in 
limit #2 (Instruction RAM “10”). 

Bit 8 holds limit #1’s sign. 

Bit 9’s state determines the limit condition that generates a 
“watchdog” interrupt. A “1” causes a voltage greater than 
limit #1 to generate an interrupt, while a “OQ” causes a volt- 
age less than limit #1 to generate an interrupt. 

Bits 10-15 are not used. 


Instruction RAM “10” 


The third Instruction RAM section is selected by placing a 
“40” in Bits 8 and 9 of the Configuration register. 

Bits 0-7 hold “watchdog” limit #2. When Bit 11 of Instruc- 
tion RAM “00” is set to a “1”, the LM12458 will perform a 
“watchdog” comparison of the sampled analog input signal 
with the limit #1 value first (Instruction RAM 01”), followed 
by a comparison of the same sampled analog input signal 
with the value found in limit #2. 


Bit 8 holds limit #2’s sign. 


Bit 9’s state determines the limit condition that generates a 
“watchdog” interrupt. A ‘“1” causes a voltage greater than 
limit #2 to generate an interrupt, while a “0” causes a volt- 
age less than limit #2 to generate an interrupt. 


Bits 10-15 are not used. 
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2.2 CONFIGURATION REGISTER 
The Configuration register, 1000 (A4-A1, BW = 


0) or 
1000x (A4-A0, BW = 1) is a 16-bit control register with 
read/write capability. It acts as the LM12458’s “control pan- 
el” holding global information as well as start/stop, reset, 
self-calibration, and stand-by commands. 


Bit 0 is the START/STOP bit. Reading Bit 0 returns an indi- 
cation of the Sequencer’s status. A “0” indicates that the 
Sequencer is stopped and waiting to execute the next in- 
struction. A “1” shows that the Sequencer is running. Writ- 
ing a “0” halts the Sequencer when the current instruction 
has finished execution. The next instruction to be executed 
is pointed to by the instruction pointer found in the status 
register. A “1” restarts the Sequencer with the instruction 
currently pointed to by the instruction pointer. (See Bits 8- 
10 in the Interrupt Status register.) 


Bit 1 is the LM12458’s system RESET bit. Writing a “1” to 
Bit 1 stops the Sequencer (resetting the Configuration regis- 
ters START/STOP bit), resets the Instruction pointer to 
“000” (found in the Status register), clears the Conversion 
FIFO, and resets all interrupt flags. The RESET bit will re- 
turn to “0” after two clock cycles unless it is forced high by 
writing a “1” into the Configuration register’s Standby bit. A 
reset signal is internally generated when power is first ap- 
plied to the part. No operation should be started until the 
RESET bit is “0”. 


Writing a “1” to Bit 2 initiates an auto-zero offset voltage 
calibration. Unlike the eight-sample auto-zero calibration 
performed during the full calibration procedure, Bit 2 initi- 
ates a “short” auto-zero by sampling the offset once and 
creating a correction coefficient (full calibration averages 
eight samples of the converter offset voltage when creating 
a correction coefficient). If the Sequencer is running when 
Bit 2 is set to “1”, an auto-zero starts immediately after the 
conclusion of the currently running instruction. Bit 2 is reset 
automatically to a “0” and an interrupt flag (Bit 3, in the 
Interrupt Status register) is set at the end of the auto-zero 
(76 clock cycles). After completion of an auto-zero calibra- 
tion, the Sequencer fetches the next instruction as pointed 
to by the Instruction RAM’s pointer and resumes execution. 
If the Sequencer is stopped, an auto-zero is performed im- 
mediately at the time requested. 


Writing a “1” to Bit 3 initiates a complete calibration pro- 
cess that includes a ‘“‘long” auto-zero offset voltage correc- 
tion (this calibration averages eight samples of the compar- 
ator offset voltage when creating a correction coefficient) 
followed by an ADC linearity calibration. This complete cali- 
bration is started after the currently running instruction is 
completed if the Sequencer is running when Bit 3 is set to 
“4” Bit 3 is reset automatically to a “0” and an interrupt flag 
(Bit 4, in the Interrupt Status register) will be generated at 
the end of the calibration procedure (4944 clock cycles). 
After completion of a full auto-zero and linearity calibration, 
the Sequencer fetches the next instruction as pointed to by 
the Instruction RAM’s pointer and resumes execution. If the 
Sequencer is stopped, a full calibration is performed imme- 
diately at the time requested. 


Bit 4 is the Standby bit. Writing a “1” to Bit 4 immediately 
places the LM12458 in Standby mode. Normal operation 
returns when Bit 4 is reset to a “0”. The Standby command 
(“1”) disconnects the external clock from the internal cir- 
Cuitry, decreases the LM12458’s internal analog circuitry 
power supply current, and preserves all internal RAM con- 
tents. After writing a “0” to the Standby bit, the LM12458 
returns to an operating state identical to that caused by ex- 
ercising the RESET bit. A Standby completion interrupt is 
issued after a power-up completion delay that allows the 
analog circuitry to settle. The Sequencer should be restart- 
ed only after the Standby completion is issued. The Instruc- 
tion RAM can still be accessed through read and write oper- 
ations while the LM12458 is in Standby Mode. 


Bit 5 is the Channel Address Mask. If Bit 5 is set to a a ae 
Bits 13-15 in the conversion FIFO will be equal to the sign 
bit (Bit 12) of the conversion data. Resetting Bit 5 to a “0” 
causes conversion data Bits 18 through 15 to hold the in- 
struction pointer value of the instruction to which the con- 
version data belongs. 


Bit 6 is used to select a “short” auto-zero correction for 
every conversion. The Sequencer automatically inserts an 
auto-zero before every conversion or “watchdog” compari- 
son if Bit 6 is set to “1”. No automatic correction will be 
performed if Bit 6 is reset to “0”. 


The LM12458’s offset voltage, after calibration, has a typi- 
cal drift of 0.1 LSB over a temperature range of —40°C to 
+ 85°C. This small drift is less than the variability of the 
change in offset that can occur when using the auto-zero 
correction with each conversion. This variability is the result 
of using only one sample of the offset voltage to create a 
correction value. This variability decreases when using the 
full calibration mode because eight samples of the offset 
voltage are taken, averaged, and used to create a correc- 
tion value. 


Bit 7 is used to program the SYNC pin (29) to operate as 
either an input or an output. The SYNC pin becomes an 
output when Bit 7 is a “1” and an input when Bit 7 is a “0”. 
With SYNC programmed as an input, the rising edge of any 
logic signal applied to pin 29 will start a conversion or 
“watchdog” comparison. Programmed as an output, the 
logic level at pin 29 will go high at the start of a conversion 
or “watchdog” comparison and remain high until either 
have finished. See Instruction RAM “00”, Bit 8. 


Bits 8 and 9 form the RAM Pointer that is used to select 
each 48-bit instruction RAM’s three sections during read or 
write actions. A “00” selects Instruction RAM section one, 
“01” selects section two, and “10” selects section three. 


Bit 10 activates the Test mode that is used only during pro- 
duction testing. Leave this bit reset to “0”. 


Bit 11 is the Diagnostic bit. It can be activated by setting it 
to a “1” (the Test bit must be reset to a “Q”). The Diagnos- 
tic mode, along with a correctly chosen instruction, allows 
verification that the LM12458’s ADC is performing correctly. 
When activated, the inverting and non-inverting inputs are 
connected as shown in Table |. As an example, an instruc- 
tion with “001” for both Viy+ and Vin— while using the 
Diagnostic mode typically results in a full-scale output. 


2.3 INTERRUPTS 


The LM12458 has eight possible interrupts, all with the 
same priority. Any of these interrupts will cause a hardware 
interrupt to appear on the INT pin (31) if they are not 
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masked (by the Interrupt register). The Status register is 
then read to determine which of the eight interrupts has 
been issued. 


TABLE I. Diagnostic Mode Input Multiplexer 
Channel Configuration 


Channel Normal Diagnostic 
Selection Mode Mode 
Ee 
INO VREFOUT 


VREF + 
IN2 


IN3 
IN4 
IN5 
IN6 
IN7 


The Interrupt Status register, 1010 (A4-A1, BW = 0) or 
1010x (A4—A0, BW = 1) must be cleared by reading it after 
writing to the Interrupt Enable register. This removes any 
spurious interrupts on the INT pin generated during an Inter- 
rupt Enable register access. 


Interrupt 0 is generated whenever the analog input voltage 
on a selected multiplexer channel crosses a limit while the 
LM12458 is operating in the “watchdog” comparison mode. 
Two sequential comparisons are made when the LM12458 
is executing a “watchdog” instruction. Depending on the 
logic state of Bit 9 in the Instruction RAM’s second and third 
sections, an interrupt will be generated either when the in- 
put signal’s magnitude is greater than or less than the pro- 
grammable limits. (See the Instruction RAM, Bit 9 descrip- 
tion.) The Limit Status register will indicate which prepro- 
grammed limit, #1 or #2 and which instruction was execut- 
ing when the limit was crossed. 


Interrupt 1 is generated when the Sequencer reaches the 
instruction counter value specified in the Interrupt register’s 
bits 8-10. This flag appears before the instruction’s execu- 
tion. 


Interrupt 2 is activated when the Conversion FIFO holds a 
number of conversions equal to the programmable value 
Stored in the Interrupt Enable register’s Bits 11-15. 


The completion of the short, single-sampled auto-zero cali- 
bration causes the generation of Interrupt 3. 


The completion of a full auto-zero and linearity self-calibra- 
tion causes the generation of Interrupt 4. 


Interrupt 5 is generated when. the Sequencer encounters 
an instruction that has its Pause bit (Bit 1 in Instruction RAM 
“00’’) set to “1”. 


The LM12458 issues Interrupt 6 whenever it senses that its 
power supply voltage is dropping below 4V (typ). This inter- 
rupt indicates the potential corruption of data returned by 
the LM12458. 


Interrupt 7 is issued after a short delay (10 ms typ) while 
the LM12458 returns from Standby mode to active opera- 
tion using the Configuration register’s Bit 4. This short delay 
allows the internal analog circuitry to settle sufficiently, en- 
suring accurate conversion results. 
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2.4 INTERRUPT ENABLE REGISTER 


The Interrupt Enable register at address location 1001 
(A4-A1, BW = 0) or 1001x (A4—A0, BW = 1) has READ/ 
WRITE capability. An individual interrupt’s ability to produce 
an external interrupt at pin 31 (INT) is accomplished by plac- 
ing a “1” in the appropriate bit location. Any of the internal 
interrupt producing operations will set their corresponding 
bits in the Interrupt Status register regardless of the state of 
the associated bit in the Interrupt Enable register. See Sec- 
tion 2.3 for more information about each of the eight internal 
interrupts. 


Bit 0 enables an external interrupt when an internal compar- 
ison limit interrupt has taken place. 


Bit 1 enables an external interrupt when the Sequencer has 
reached the address stored in Bits 8-10 of the Interrupt 
Enable register. 


Bit 2 enables an external interrupt when the Conversion 
FIFO’s limit, stored in Bits 11-15 of the Interrupt Enable 
register, has been reached. 


Bit 3 enables an external interrupt when the single-sampled 
auto-zero calibration has been completed. 


Bit 4 enables an external interrupt when a full auto-zero and 
linearity self-calibration has been completed. 


Bit 5 enables an external interrupt when a Pause interrupt 
has been generated. 


Bit 6 enables an external interrupt when a low power supply 
condition (Vat < 4V) has generated an interrupt. 


Bit 7 enables an external interrupt when the LM12458 re- 
turns from power-down to active mode. 


Bits 8-10 form the storage location of the programmable 
Sequencer address. When the Sequencer reaches an ad- 
dress that is equal to the value stored in Bits 8-10, an inter- 
nal interrupt is generated and appears in Bit 1 of the Inter- 
rupt Status register. If Bit 1 of the Interrupt Enable register is 
set to “1”, an external interrupt will appear at pin 31 (INT). 


Bits 11-15 hold the number of conversions that must be 
stored in the Conversion FIFO in order to generate an inter- 
nal interrupt. This internal interrupt appears in Bit 2 of the 
Interrupt Status register. If Bit 2 of the Interrupt Enable reg- 
ister is set to “1”, an external interrupt will appear at pin 31 
(INT). 


2.5 INTERRUPT STATUS REGISTER 


This read-only register is located at address 1010 (A4-A1, 
BW = 0) or 1010x (A4-A0, BW = 4). The corresponding 
Interrupt Status flag will go high (“1”) any time that an inter- 
rupt condition takes place, whether an interrupt is enabled 
or disabled in the Interrupt Enable register. Any of the active 
(“1”) Interrupt Status flags are reset to “0” whenever this 
register is read or a device reset is issued (see Bit 1 in the 
Configuration Register). 

Bit ‘0 is set to “1” when a comparison limit interrupt has 
taken place. 

Bit 1 is set to “1” when the Sequencer has reached the 
address stored in Bits 8-10 of the Interrupt Enable register. 
Bit 2 is set to “1” when the Conversion FIFO’s limit, stored 
in Bits 11-15 of the Interrupt Enable register, has been 
reached. 

Bit 3 is set to “1” when the single-sampled auto-zero has 
been completed. 
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Bit 4 is set to “1” when an auto-zero and full linearity self- 
calibration has been completed. 


Bit 5 is set to “1” when a Pause interrupt has been generat- 
ed. 


Bit 6 is set to “1” when a low-supply voltage condition 
(Vat < 4V) has taken place. 


Bit 7 is set to “1” when the LM12458 returns from power- 
down to active mode. 


Bits 8-10 hold the Sequencer’s actual address while it is 
running. 

Bits 11-15 hold the actual number of conversions stored in 
the Conversion FIFO while the Sequencer is running. 


2.6 LIMIT STATUS REGISTER 


The read-only register is located at address 1101 (A4-A1, 
BW = 0) or 1101x (A4—A0, BW = 1). This register is used 
in tandem with the Limit #1 and Limit #2 registers in the 
Instruction RAM. Whenever a given instruction’s input volt- 
age exceeds the limit set in its corresponding Limit register 
(#1 or #2), a bit, corresponding to the instruction number, 
is set in the Limit Status register. Any of the active (“1”) 
Limit Status flags are reset to “0” whenever this register is 
read or a device reset is issued (see Bit 1 in the Configura- 
tion register). This register holds the status of limits #1 and 
#2 for each of the eight instructions. 


Bits 0-7 show the Limit #1 status. Each bit will be set high 
(“1”) when the corresponding instruction’s input voltage ex- 
ceeds the threshold stored in the instruction’s Limit #1 reg- 
ister. When, for example, instruction 3 is a “watchdog” op- 
eration (Bit 11 is set high) and the input to channel 3 meets 
the magnitude and/or polarity data stored in instruction 3’s 
Limit #1 register, Bit 3 in the Limit Status register will be set 
toa‘1”. 

Bits 8-15 show the Limit #2 status. Each bit will be set 
high (“1”) when the corresponding instruction’s input volt- 
age exceeds the threshold stored in the instruction’s Limit 
#2 register. When, for example, the input to instruction 6 
meets the value stored in instruction 6’s Limit #2 register, 
Bit 14 in the Limit Status register will be set to a “1”. 


2.7 TIMER 


The LM12458 has an on-board 16-bit timer that includes a 
5-bit pre-scaler. It uses the clock signal applied to pin 23 as 
its input. It can generate time intervals of 0 through 221 
clock cycles in steps of 25. This time interval can be used to 
delay the execution of instructions. It can also be used to 
slow the conversion rate when converting slowly changing 
signals. This can reduce the amount of redundant data 
stored in the FIFO and retrieved by the controller. 


The user-defined timing value used by the Timer is stored in 
the 16-bit READ/WRITE Timer register at location 1011 
(A4—-A1, BW = 0) or 1011x (A4—A0, BW = 1) and is pre- 
loaded automatically. Bits 0-7 hold the preset value’s low 
byte and Bits 8-15 hold the high byte. The Timer is activat- 
ed by the Sequencer only if the current instruction’s Bit 9 is 
set (“1”). If the equivalent decimal value “N” (0 < N < 216) 
is written inside the 16-bit Timer register and the Timer is 
enabled by setting an instruction’s bit 9 to a “4” the Se- 
quencer will delay the same instruction’s execution by halt- 
ing at state 3 (S3), as shown in Figure 7, for 32 x N + 2 
clock cycles. 


3.0 FIFO 


The result of each conversion stored in an internal read-only 
FIFO (First-In, First-Out) register. It is located at 1100 (A4—- 
A1, BW = 0) or 1100x (A4—A0, BW = 1). This register has 
32 16-bit wide locations. Each location holds 13-bit data. 
Bits 0-3 hold the four LSB’s in the 12 bits + sign mode or 
“1110” in the 8 bits + sign mode. Bits 4-11 hold the eight 
MSB’s and Bit 12 holds the sign bit. Bits 13-15 can hold 
either the sign bit, extending the register’s two’s comple- 
ment data format to a full sixteen bits or the instruction ad- 
dress that generated the conversion and the resulting data. 
These modes are selected according to the logic state of 
the Configuration register’s Bit 5. 


The FIFO status should be read in the Status register (Bits 
12-15) to determine the number of conversion results that 
are held in the FIFO before retrieving them. This will help 
prevent conversion data corruption that may take place if 
the number of reads are greater than the number of conver- 
sion results contained in the FIFO. Trying to read the FIFO 
when it is empty may corrupt new data being written into the 
FIFO. Writing more than 32 conversion data into the FIFO 
by the ADC results in loss of the first conversion data. 
Therefore, to prevent data loss, it is recommended that the 
LM12458’s interrupt capability be used to inform the system 
controller that the FIFO is full. 


The lower portion (AO = 0) of the data word (Bits 0-7) 
should be read first followed by a read of the upper portion 
(AO = 1) when using the 8-bit bus width (BW = 1). Reading 
the upper portion first causes the data to shift down, which 
results in loss of the lower byte. 


Bits 0-12 hold 12-bit + sign conversion data. Bits 0-3 will 
be 1110 when using 8-bit plus sign resolution. 


Bits 13-15 hold either the instruction responsible for the 
associated conversion data or the sign bit. Either mode is 
selected with Bit 5 in the Configuration register. 


4.0 Sequencer 


The Sequencer uses a 3-bit counter (Instruction Pointer, or 
IP, in Figure 7) to retrieve the programmable conversion 
instructions stored in the Instruction RAM. The 3-bit counter 
is reset to 000 during chip reset or if the current executed 
instruction has its Loop bit (Bit 1 in any Instruction RAM 
“00”) set high (‘‘1”). It increments at the end of the currently 
executed instruction and points to the next instruction. It will 
continue to increment up to 111 unless an instruction’s 
Loop bit is set. If this bit is set, the counter resets to “000” 
and execution begins again with the first instruction. If all 
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instructions have their Loop bit reset to “0”, the Sequencer 
will execute all eight instructions continuously. Therefore, it 
is important to realize that if less than eight instructions are 
programmed, the Loop bit on the last instruction must be 
set. Leaving this bit reset to “0” allows the Sequencer to 
execute “‘unprogrammed” instructions, the results of which 
may be unpredictable. 

The Sequencer’s Instruction Pointer value is readable at 
any time and is found in the Status register at Bits 8-11. 
The Sequencer can go through eight states during instruc- 
tion execution: 

State 0: The current instruction’s first 16 bits are read 
from the Instruction RAM “00”. This state is one clock cycle 
long. 

State 1: Checks the state of the Calibration and Start bits. 
This is the “rest” state whenever the Sequencer is stopped 
using the reset, a Pause command, or the Start bit is reset 
low (“0”). When the Start bit is set to a “1”, this state is one 
clock cycle long. 

State 2: Perform calibration. If bit 2 or bit 6 of the Configu- 
ration register is set to a “1”, state 2 is 76 clock cycles long. 
If the Configuration register’s bit 3 is set to a “1”, state 2 is 
4944 clock cycles long. 

State 3: Run the internal 16-bit Timer. The number of 
clock cycles for this state varies according to the value 
stored in the Timer register. The number of clock cycles is 
found by using the expression below 

32T + 2 
where 0 < T < 216. 

State 7: Run the acquisition delay and read Limit #1’s 
value if needed. The number of clock cycles for 12-bit + 
sign mode varies according to 

9+ 2D 
where 0 < D < 15. 


The number of clock cycles for 8-bit + sign or “watchdog” 
mode varies according to 
2+ 2D 

where 0 < D < 15. 

State 6: Perform first comparison. This state is 5 clock 
cycles long. 

State 4: Read Limit #2. This state is 1 clock cycle long. 

State 5: Perform a conversion or second comparison. 
This state takes 44 clock cycles when using the 12-bit + 
sign mode or 21 clock cycles when using the 8-bit + sign 
mode. The “watchdog” mode takes 5 clock cycles. 
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5.0 Analog Considerations 


5.1 REFERENCE VOLTAGE 


The difference in the voltages applied to the Vagr4 and 
VreF— defines the analog input voltage span (the differ- 
ence between the voltages applied between two multiplexer 
inputs or the voltage applied to one of the multiplexer inputs 
and analog ground), over which 4095 positive and 4096 
negative codes exist. The voltage sources driving VReF+ or 
VReF— must have very low output impedance and _noise. 
The circuit in Figure 8 is an example of a very stable refer- 
ence appropriate for use with the LM12458. 


The ADC can be used in either ratiometric or absolute refer- 
ence applications. In ratiometric systems, the analog input 
voltage is proportional to the voltage used for the ADC’s 
reference voltage. When this voltage is the system power 
supply, the VRer+ pin is connected to Va+ and Vrer— is 
connected to GND. This technique relaxes the system refer- 
ence stability requirements because the analog input volt- 
age and the ADC reference voltage move together. This 
maintains the same output code for given input conditions. 


For absolute accuracy, where the analog input voltage var- 
ies between very specific voltage limits, a time and tempera- 
ture stable voltage source can be connected to the refer- 
ence inputs. Typically, the reference voltage’s magnitude 
will require an initial adjustment to null reference voltage 
induced full-scale errors. 


When using the LM12458’s internal 2.5V bandgap refer- 
ence, a parallel combination of a 100 uF capacitor and a 
0.1 .F capacitor connected to the Vrerourt pin is recom- 
mended for low noise operation. When left unconnected, 
the reference remains stable without a bypass capacitor. 
However, ensure that stray capacitance at the VREFouT pin 
remains below 50 pF. 


5.2 INPUT RANGE 


The LM12458’s fully differential ADC and reference voltage 
inputs generate a two’s-complement output that is found by 
using the equation below. 

Vin+ — Vin— 
VREF+ — VREF- 


output code = (4096) — /% 


Vin = +12V to #15V 


FIGURE 8. Low Drift Extremely Stable Reference Circuit 


Round up to the next integer value if the result of the above 
equation is not a whole number. As an example, VREF+ = 
2.5V, VreF— = 1V, Vin+ = 1.5V and Viyn— = GND. The 
output code is positive full-scale, or 0,1111,111 1,1111. 


5.3 INPUT CURRENT 


A charging current flows into or out of (depending on the 
input voltage polarity) the analog input pins, INO-IN7 at the 
start of the analog input acquisition time (taca). This cur- 
rent’s peak value will depend on the actual input voltage 
applied. 


5.4 INPUT SOURCE RESISTANCE 


For low impedance voltage sources (<100Q), the input 
charging current will decay, before the end of the S/H’s 
acquisition time, to a value that will not introduce any con- 
version errors. For higher source impedances, the S/H’s 
acquisition time can be increased. As an example, operating 
with a 5 MHz clock frequency and maximum acquisition 
time, the LM12458’s analog inputs can handle source im- 
pedance as high as 6.67 kQ.. Refer to Section 2.1, Instruc- 
tion RAM “00”, Bits 12-15 for further information. 


5.5 INPUT BYPASS CAPACITANCE 

External capacitors (0.01 wF-0.1 F) can be connected be- 
tween the analog input pins, INO-IN7, and analog ground to 
filter any noise caused by inductive pickup associated with 
long input leads. It will not degrade the conversion accura- 
cy. 

5.6 NOISE 


The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 


5.7 POWER SUPPLIES 


Noise spikes on the Va+ and Vp+ supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. Low 
inductance tantalum capacitors of 10 uF or greater paral- 
leled with 0.1 wF monolithic ceramic capacitors are recom- 
mended for supply bypassing. Separate bypass Capacitors 
should be used for the Va+ and Vp+ supplies and placed 
as close as possible to these pins. 
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LMF100 High Performance Dual Switched Capacitor Filter 


General Description 


The LMF100 consists of two independent general purpose _ offset, high frequency filter building block. The LMF100 is 
high performance switched capacitor filters. With an exter- _ pin-compatible with the industry standard MF10, but pro- 
nal clock and 2 to 4 resistors, various second-order and _ vides greatly improved performance. , 

first-order filtering functions can be realized by each filter 

block. Each block has 3 outputs. One output can be config- Features 

ured to perform either an allpass, highpass, or notch func- gj Wide 4V to 15V power supply range 

tion. The other two outputs perform bandpass and lowpass 
functions. The center frequency of each filter stage is tuned 
by using an external clock or a combination of a clock and 
resistor ratio. Up to a 4th-order biquadratic function can be 
realized with a single LMF100. Higher order filters are imple- 
mented by simply cascading additional packages, and all 
the classical filters (such as Butterworth, Bessel, Elliptic, © Low crosstalk —60 dB 

and Chebyshev) can be realized. @ Clock to center frequency ratio accuracy +0.2% typical 
The LMF100 is fabricated on National Semiconductor's ® fo * Q range up to 1.8 MHz 

high performance analog silicon gate CMOS process, ©™ Pin-compatible with MF10 

LMCMOS™. This allows for the production of a very low 


@ Operation up to 100 kHz 
m Low offset voltage typically 
(50:1 or 100:1 mode) Vosi = +5 mV 
Vos2 = +15 mV 
Vos3 = +15 mV 


Ath Order 100 kHz Butterworth Lowpass Filter 


Gain (dB) 


LMF 100 


100 1k 10k 100k 


Frequency (Hz) 
TL/H/5645-3 


3.5 MHz 


TL/H/5645-2 


Connection Diagram 


Surface Mount and Dual-In-Line Package 


S1p Order Number LMF100AJ, LMF 100ClJ, 
AGND LMF100ACN, LMF100CCN, LMF100CCWM, 
Var LMF100CIN or LMF100CIWM 

See NS Package Number J20A, N20A or M20B 


oon ounrkr wan = 


a 
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TL/H/5645-18 
Top View 
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Absolute Maximum Ratings (note 1) 

lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (V+ — V-) 16V 
Voltage at Any Pin V+ + 0.3V 

V—-— — 0.3V 
Input Current at Any Pin (Note 2) 5mA 
Package Input Current (Note 2) 20 mA 
Power Dissipation (Note 3) 500 mW 
Storage Temperature 150°C 
ESD Susceptability (Note 11) 2000V 


Electrical Characteristics 
The following specifications apply for Mode 1, Q = 10 (Ry = Rg = 100k, Ro = 10k), V+ 
other limits Ta = Ty = 25°C. 


otherwise specified. Boldface limits apply for Tyjy to Tax; all 


we 


Is ; Maximum Supply Current 

fo Center Frequency 
Range 

foLk Clock Frequency 
Range 


foik/fo 


foLk = 250 kHz 
No Input Signal 


> 
x 


Clock to Center 
Frequency Ratio Deviation 


1MHz |i MF100C 
Q = 10,Mode1 |LMF100A 


Q Error (MAX) 


(Note 4) Vpini2 = 5V 


or OV 
LMF100C 

Hopp |Bandpass Gain at fo foLk = 1 MHz 
Hotp |DC Lowpass Gain Ry = Ro = 10k 

foLk = 250 kHz 
Vosi |DC Offset Voltage (Note 5) foLk = 250 kHz 
Vose |DC Offset Voltage (Note 5) — | fo.x = 250 kHz 
Vos3 |DC Offset Voltage (Note 5) foLk = 250 kHz 

A Side to B Side or 

B Side to A Side 

foi = 250 kHz 

20 kHz Bandwidth BPC 

100:1 Mode 

Clock Feedthrough (Note 13) |fo_« = 250 kHz 100:1 Mode 
Vout  |Minimum Output R_ = 5k 
Voltage Swing (All Outputs) 

Rt = 3.5k 

(All Outputs) 
GBW |OpAmpGainBWProduct | 
SR___|Op Amp Slew Rate pak To -...| 


Soldering Information 


N Package: 10 sec. 260°C 
J Package: 10 sec. 300°C 
SO Package: Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Operating Ratings (note 1) 
Temperature Range 
LMF100ACN, LMF100CCN 


Tain < Ta < Tmax 
O°C < Ta < +70°C 


LMF100CCWM 0O°C < Ta < +70°C 

LMF100ClIJ, LMF100CIN, 

LMF100CIWM —40°C < Ta < +85°C 

LMF100AJ —55°C < Ta < +125°C 
Supply Voltage 4V< Vt —-V- < 15V 


+5V and V—- —5V unless 


LMF100ACN, 
LMF100CCN, 
LMF100CCWM 


LMF100AJ, LMF100CIN, 
LMF 100CIWM, LMF100CIJ 


Tested | Design 
Limit 
Note 9)| (Note 10) 


Son ie Typical 
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Electrical Characteristics 
The following specifications apply for Mode 1, Q = 10 (Ry = Rg = 100k, Re = 10k), Vt = +5V and V~ = —5V unless 
otherwise specified. Boldface limits apply for Tyin to Tax: all other limits Ta = Ty = 25°C. (Continued) 


PHCIMECK. LMF100Ad, LMF100CIN, 
LMFi00CCWM LMF100CIWM, LMF100CIJ 
Parameter 


Maximum Output Short (All Outputs) 
Circuit Current (Note 7) 
Input Current on Pins: 4, 5, 

6, 9, 10, 11, 12, 16, 17 


Electrical Characteristics 
The following specifications apply for Mode 1, Q = 10 (Ry = Rg = 100k, Re = 10k), V+ = +2.50V and V- = —2.50V unless 
otherwise specified. Boldface limits apply for Tyin to Tax; all other limits Ta = Ty = 25°C. 


Teen LMF100Ad, LMF100CIN, 
LMF1i00CCWM LMF100CIWM, LMF100CIJ 
Symbol Parameter 
( ( ) 


ls Maximum Supply Current foLk = 250 kHz 
No Input Signal 
fo Center Frequency 
Range 


foLk 


Z 


mA 
Hz 
H 
Hz 
% 


k 
MHz 

Clock to Center 

Frequency Ratio Deviation . 


% 


Q = 10, Mode 1 
Vpini2 = 5V 

or OV 
foLk = 1 MHz 


% 


% 


dB 


Bandpass Gain.at fo foLk = 1 MHz 


DC Lowpass Gain Ry = Ro = 10k 
foLk = 250 kHz 


DC Offset Voltage (Note 5) fotk = 250 kHz 


dB 


mV 
mV 
mV 
mV 


dB 


Output Noise (Note 12) 
pV 
100:1 Mode LP 220 


Clock Feedthrough (Note 13) foi = 250 kHz 100:1 Mode 


Minimum Output RL = 5k : 445 
Voltage Swing (All Outputs) =22 | " 


Ry = 3.5k 
(All outputs) 


GBW__|Op Amp Gain BW Product ret ae 
SR__|Op Amp Siow Rate Ly eee 


ls¢ [Maximum Output Short (All Outputs) 
Circuit Current (Note 7) 
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Logic Input Characteristics Bolatace limits apply for Tyin to Tax; all other limits Ta = Ty = 25°C. 


sled, LMF100AJ, LMF100CIN, 
LMF100CCWM LMF100CIWM, LMF100ClJ 


Parameter 


Typical 
(Note 8) 


CMOS Clock | MIN Logical “1” | V+ = +5V, V- = —5vV, 
Input Voltage MAX Logical “0” Vish = OV 


MIN Logical “1” 
MAX Logical ‘‘0” 


V+ = +10V,V- = OV, 
Vish = +5V 


TTL Clock MIN Logical 1” |} V+ = +5V,V- = —5V, 
Input Voltage MAX Logical “0” Vish = OV 


V+ = +10V,V- =v, 
al 
V+ = +2.5V,V- = —25y, 
oS 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the 
Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device 
is not operated under the listed test conditions. 


Note 2: When the input voltage (Vij) at any pin exceeds the power supply rails (Vin < V~ or Vin > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The sum of the currents at all pins that are driven beyond the power supply voltages should not exceed 20 mA. : 


CMOS Clock 
Input Voltage 


Vt = +5V,V- = OV, 
Vish = +2.5V 


TTL Clock 
Input Voltage 


Vt = +5V,V- = OV, 
ViSh = OV, Vpt+ = OV 


Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tymax; 9ya; and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tymax — Ta)/@ya or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tymax = 125°C, and the typical junction-to-ambient thermal resistance of the LMF100ACN/CCN/CIN when board mounted is 55°C/W. For the 
LMF100AJ/ClJ, this number increases to 95°C/W and for the LMF100CCWM/CIWM this number is 66°C/W. 


Note 4: The accuracy of the Q value is a function of the center frequency (fg). This is illustrated in the curves under the heading “Typical Peformance Characteris- 
tics”. 
Note 5: Vos1, Vos2,,and Vos3 refer to the internal offsets as discussed in the Applications Information section 3.4. 


Note 6: Crosstalk between the internal filter sections is measured by applying a 1 Vas 10 kHz signal to one bandpass filter section input and grounding the input 
of the other bandpass filter section. The crosstalk is the ratio between the output of the grounded filter section and the 1 Vams input signal of the other section. 


Note 7: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst case conditions. 


Note 8: Typicals are at 25°C and represent most likely parametric norm. 

Note 9: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Design limits are guaranteed to National's AOQL (Average Outgoing Quality Level) but are not 100% tested. 
Note 11: Human body model, 100 pF discharged through a 1.5 kQ. resistor. 

Note 12: In 50:1 mode the output noise is 3 dB higher. 
Note 13: In 50:1 mode the clock feedthrough is 6 dB higher. 
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Typical Performance Characteristics 


LMF 100 


Power Supply Current vs Power Supply Current vs Output Swing vs 
Power Supply Voltage Temperature Supply Voltage 


Z 
ral 
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Typical Performance Characteristics (continued) 


fcLk/fo Ratio vs fo_K fc_k/fo Ratio vs Temperature fc_k/fo Ratio vs Temperature 
100.1 


=£5V 
Ty = 25°C 
Vpin 12=£5V 
eg 5 2 g 1000 F 
3S s s 
& 2 & 
«2? we? we 
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ww ww ww 99.9 
¢c 
| Vpin 12=0V 
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Q Deviation vs Clock . QDeviation vs Clock ; Q Deviation vs Clock 
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Delta Q (% Change) 

Delta Q (% Change) 

Delta Q (% Change) 
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Maximum fg vs Q at Maximum fo vs Q at Maximum fp vs Q at 
Vs = +7.5V Vs = +5.0V Vs = +2.5V 
Ta = 25°C Ty = 25°C 


Q Deviation < 5% Q Deviation < 5% 
Ratio Deviation < 1% Ratio Deviation < 1% 
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LMF100 System Block Diagram 


Vo Vat N/AP/HPa Sta 


Va N/AP/HPp Sip 


Pin Descriptions 
LP(1,20), BP(2,19), The second order lowpass, band- 


N/AP/HP(3,18) 


INV(4,17) 


$1(5,16) 


pass and _ notch/allpass/highpass 


- outputs. These outputs can typically 


swing to within 1V of each supply 
when driving a 5 kQ, load. For opti- 
mum performance, capacitive load- 
ing on these outputs should be mini- 
mized. For signal frequencies above 
15 kHz the capacitance loading 
should be kept below 30 pF. 

The inverting input of the summing 
opamp of each filter. These are high 
impedance inputs. The non-inverting 
input is internally tied to AGND so 
the opamp can be used only as an 
inverting amplifier. 

S1. is a signal input pin used in 
modes 1b, 4, and 5. The input imped- 
ance is 1/fcol« X 1 pF. The pin 
should be driven with a source im- 
pedance of less than 1 k®. If S1 is 
not driven with a signal it should be 
tied to AGND (mid-supply). 
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Sa/B(6) 


Vat (7)* 


Vpt (8)* 


Va—(14), Vp— (13) 


TL/H/5645-1> 


This pin activates a switch that con- 
nects one of the inputs of each fil- 
ter’s second summer either to AGND 
(Sa/p tied to V—) or to the lowpass 
(LP) output (Sa/p tied to V+). This 
offers the flexibility needed for con- 
figuring the filter in its various modes 
of operation. 

This is both the analog and digital 
positive supply. 

This pin needs to be tied to Vt ex- 
cept when the device is to operate 
ona single 5V supply and a TTL lev- 
el clock is applied. For 5V, TTL oper- 
ation, Vp+ should be tied to ground 
(OV). 

Analog and digital negative supplies. 
Va and Vp~ should be derived 
from the same source. They have 
been brought out separately so they 
can be bypassed by separate capac- 
itors, if desired. They can also be tied 
together externally and bypassed 
with a single capacitor. 


Pin Descriptions (continued) 


LSh(9) Level shift pin. This is used to ac- 
commodate various clock levels with 
dual or single supply operation. With 
dual + 5V supplies and CMOS (+5V) 
or TTL (OV-5V) clock levels, LSh 
should be tied to system ground. 
For 0V-10V ‘single supply operation 
the AGND pin should be biased at 
+ 5V and the LSh pin should be tied 
to the system ground for TTL clock 
levels. LSh should be biased at + 5V 
for +5V CMOS clock levels. 

The LSh pin is tied to system ground 
for +2.5V operation. For single 5V 
operation the LSh and Vp+ pins are 
tied to system ground for TTL clock 
levels. 

Clock inputs for the two switched ca- 
pacitor filter sections. Unipolar-or bi- 
polar clock levels may be applied to 
the CLK inputs according to the pro- 
gramming voltage applied to the LSh 
pin. The duty cycle of the clock 
should be close to 50%, especially 
when clock frequencies above 
200 kHz are used. This allows the 
maximum time for the internal 
opamps to settle, which yields opti- 
mum filter performance. 

By tying this pin to V+ a 50:1 clock 
to filter center frequency ratio is ob- 
tained. Tying this pin at mid-supply 
(i.e., system ground with dual sup- 
plies) or to V— allows the filter to op- 
erate at a 100:1 clock to center fre- 
quency ratio. 

This is the analog ground pin. This 
pin should be connected to the sys- 
tem ground for dual supply operation 
or biased to mid-supply for single 
supply operation. For a further dis- 
cussion of mid-supply biasing tech- 
niques see the Applications Informa- 
tion (Section 3.2). For optimum filter 
performance a ‘‘clean” ground must 
be provided. 

*This device is pin-for-pin compatible with the MF10 except for the following 
changes: 

1. Unlike the MF10, the LMF100 has a single positive supply pin (Va +). 
2. On the LMF100 Vp* is a control pin and is not the digital positive supply 
as on the MF10. 

3. Unlike the MF10, the LMF100 does not support the current limiting mode. 
When the 50/100 pin is tied to V— the LMF100 will remain in the 100:1 
mode. — 


CLK(10,11) 


50/100(12)* 


AGND(15) 


1.0 Definitions of Terms 


fe_k: the frequency of the external clock signal applied to 
pin 10 or 11. 

fo: center frequency of the second order function complex 
pole pair. fo is measured at the bandpass outputs of the 
LMF 100, and is the frequency of maximum bandpass gain. 
(Figure 1). 

fnotch: the frequency of minimum (ideally zero) gain at the 
notch outputs. 

fz: the center frequency of the second order complex zero 
pair, if any. If fz is different from fo and if Q, is high, it can be 
observed as the frequency of a notch at the allpass output. 
(Figure 13). 

Q: “quality factor” of the 2nd order filter. Q is measured at 
the bandpass outputs of the LMF100 and is equal to fo di- 
vided by the —3 dB bandwidth of the 2nd order bandpass 
filter (Figure 71). The value of Q determines the shape of the 
2nd order filter responses as shown in Figure 6. 

Q;: the quality factor of the second order complex zero pair, 
if any. Qz is related to the allpass characteristic, which is 
written: 


So), 
Hoap (se ai wea 0?) 
cs Qz 
Hap(s) = = 
s2 + —2 + w2 
Q ° 


where Qz = Q for an all-pass response. 

Hopp: the gain (in V/V) of the bandpass output at f = fo. 
Ho p: the gain (in. V/V) of the lowpass output as f —> 0 Hz 
(Figure 2). 

Honp: the gain (in V/V) of the highpass output as f —> 
foLk/2 (Figure 3). 

Hon: the gain (in V/V) of the notch output as f —> 0 Hz 
and as f — fc_k/2, when the notch filter has equal gain 
above and below the center frequency (Figure 4). When the 
low-frequency gain differs from the high-frequency gain, as 
in modes 2 and 3a (Figures 10 and 72), the two quantities 
below are used in place of Hon. 

Hon: the gain (in V/V) of the notch output as f — 0 Hz. 
Hona: the gain (in V/V) of the notch output as f —> fo, ,/2. 
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1.0 Definitions of Terms (Continued) 


Hopp 
0.707 Hopp 


GAIN (V/V) 


PHASE (DEG) 
| 
Soa & 


f. fo fH 
f (LOG SCALE) { 
TL/H/5645-20 fu = f (= + 
PN 


ft fo fy 
f (LOG SCALE) 
TL/H/5645-19 


(a) (b) 


Mo = 27rfo 


FIGURE 1. 2nd-Order Bandpass Response 


Hop 
Howe 
0.707 Hop 


GAIN (V/V) 


PHASE (DEG) 
| 
Ss oo 


fp fc fo 
{ (LOG SCALE) f (LOG SCALE) 
TL/H/5645-21 TL/H/5645-22 


(a) (b) 


FIGURE 2. 2nd-Order Low-Pass Response 


Hop 
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PHASE (DEG) 


fo 


fp 
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TL/H/5645-23 TL/H/5645-24 
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Honps? 


Hyp(s) = 


FIGURE 3. 2nd-Order High-Pass Response 
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1.0 Definitions of Terms (continued) 


Hon(S? + 02) 


Hyn(s) = 


> Hon g 

= J 

~— Lu 

z 0.707 Hon 2 0 Gi. 

3 = 45 * = a 


fL fo fH f. fo fu 
f (LOG SCALE) f (LOG SCALE) 
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FIGURE 4. 2nd-Order Notch Response 
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FIGURE 5. 2nd-Order All-Pass Response 
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FIGURE 6. Response of various 2nd-order filters as a function of Q. Gains 
and center frequencies are normalized to unity. 
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LMF100 


2.0 Modes of Operation 


The LMF100 is a switched capacitor (sampled data) filter. 
To fully describe its transfer functions, a time domain analy- 
sis is appropriate. Since this is cumbersome, and since the 
LMF100 closely approximates continuous filters, the follow- 
ing discussion is based on the well-known frequency do- 
main. Each LMF100 can produce two full 2nd order func- 
tions. See Table | for a summary of the characteristics of the 
various modes. 


MODE 1: Notch 1, Bandpass, Lowpass Outputs: 


fo 


fnotch 


Hotp 


Hopp 


Hon 


fnotch = fo (See Figure 7) 
= center frequency of the complex pole pair 


f 
— FCLK |, foLk 
100° 50 


= center frequency of the imaginary zero pair = fo. 


= Lowpass gain (asf — 0) = 


= Bandpass gain (at f = fo) = — Ai 


Notch output gain as f —> 9 _ —Re 
f—>foik/2 J Ry 


= quality factor of the complex pole pair 
BW = the —3 dB bandwidth of the bandpass 
output. 
Circuit dynamics: 


Hopp 


Hote = or Hopp = Hoip X Q 


= Hon X Q. 
HoLp(peak) = Q X Horp (for high Q's) 
MODE 1a: Non-Inverting BP, LP (See Figure &) 


f f 
— fouk |, folk 


fo 


Q 


Hotp 
Hosp, 


Hopp, = 1 (non-inverting) 
Circuit dynamics: Hopp, = Q 
Note: Vij should be driven from a low impedance (<1 k®) source. 


BP, LP, 


TL/H/5645-11 


TL/H/5645-4 


FIGURE 8. MODE 1a 


2.0 Modes of Operation (continued) 

MODE 1b: Notch 1, Bandpass, Lowpass Outputs: 
fnotch = fo (See Figure 9) 

fo = center frequency of the complex pole pair 


fcoLk fcLk 
=— x Por x 2 
100 50 


fnotch center frequency of the imaginary zero pair = fo. 


ic 
2R1 
: R3 
Hopp = Bandpass gain (at f = fo) = — Ri 


Hon = Notch output gain as ¢ —» 09 . Re 
f > foik/2 J Ry 


Hotp Lowpass gain (asf —> 0) = — 


Q 


= quality factor of the complex pole pair 
BW the —3 dB bandwidth of the bandpass output. 
Circuit dynamics: 
Hopp 
H = orH =H xQ~x 2 
OLP T5Q 0 Hosp = Hove 2 


Hon X Q 
Hopp a es 


Hotp(peak) = Q X Ho p (for high Q’s) 


MODE 2: Notch 2, Bandpass, Lowpass: fnotch < fo 
(See Figure 10) 
fo = center frequency 


f 
= fouk /R2 or GLK | 72 +4 
100 V R4 50 R4 
_ foLk _ fotk 
~ 400 "50 
= quality factor of the complex pole pair 
VR2/R4 + 1 
R2/R3 
Hop Lowpass output gain (as f — 0) 
_ __ Ra/rt 
R2/R4 + 1 
Hopp = Bandpass output gain (at f = fo) = — R3/R1 
Hon, = Notch output gain (as f — 0) 
_ . _ a/R 
R2/R4 + 1 


f 
Hon, = Notch output gain (ast > fou) = —R2/R1 


Filter dynamics: Hopp = Q¥ Hop HON» = V Hon, Hong 


TL/H/5645-14 


FIGURE 9. MODE 1b 


TL/H/5645-36 


FIGURE 10. MODE 2 
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2.0 Modes of Operation (Continued) 
MODE 3: Highpass, Bandpass, Lowpass Outputs 
(See Figure 77) 


— fouk ,, [Re or LK x [re 
100 * 
= quality art of * ane as pair 
R2_ R3 
— x — 
R4 R2 


f R2 
Houp = Highpass gain (att — Mok Si 
2 R1 
R3 
R1 
R4 
R1 
R2 H 
Circuit dynamics: — aa ae Hopp=vVHoup X Hote XQ 
HoLp(peak) = Q X Ho p (for high Q’s) 
HoHP(peak) = Q X Houp (for high Q’s) 


Hopp = Bandpass gain (at f = fo) = — 


Ho_p = Lowpass gain (asf —> 0) = — 


FIGURE 11..MODE 3 


MODE 3a: HP, BP, LP and Notch with External Op Amp 
(See Figure 72) 


_ foik , fre or “GLK [Re 
1 00 * 


gis 
R2 


f 
notch frequency = “cuK || Bh hy “iK ea 
Ri ° 


gain of notch at 


Rg Rg 
f=fo=|}Q R, A, Hour — 5. HoH 


Rg 
= gain of notch (asf —> 0) = = X Hotp 
| 


f 
= gain of notch (as1 => foun) 


_ yy 
= — 8 Moae 


*In Mode 3, the feedback loop is closed 
around the input summing amplifier; the 
finite GBW product of this op amp caus- 
es a slight Q enhancement. If this is a 
problem, connect a small capacitor 
(10 pF—100 pF) across R4 to provide 
some phase lead. 


TL/H/5645-5 


EXTERNAL 
OP AMP 
TL/H/5645-10 


FIGURE 12. MODE 3a 
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2.0 Modes of Operation (Continued) 
MODE 4: Allpass, Bandpass, Lowpass Outputs 
(See Figure 13) 

fo = center frequency 

foLk _ fcik, 
= 400 or “50° 

f,* = center frequency of the complex zero ~ fg 
= 1. Be 


: . _R3 
Qz = quality factor of complex zero pair “Al 


For AP output make R1 = R2 


f 
Hoap* = Allpass gain (ato <f< ‘oux) SV St 


Ho_p = Lowpass gain (as f — 0) 


Hopp = Bandpass gain (at f = fo) 


2 (+8)--2(8) 
R2 Ri R2 


Circuit dynamics: Hopp = (Ho_p) X Q = (Hoap + 1)Q 

*Due to the sampled data nature of the filter, a slight mismatch of f, and fo 
occurs causing a 0.4 dB peaking around fo of the allpass filter amplitude 
response (which theoretically should be a straight line). If this is unaccept- 
able, Mode 5 is recommended. 


FIGURE 13. MODE 4 


FIGURE 14. MODE 5 


MODE 5: Numerator Complex Zeros, BP, LP 


(See Figure 14) 
R2 _ fox R2 _ fork 
f = ft + x Kor fy 4S x MOLK 
0 1 Ra 400. y! Tas “50 
R1 foLk R1 foLk 
f = aft — — x SK op fy St x “GLK 
z R4~ 100 7 R4 ~~ 50 
Q = \1 + Ro/Rd x 7 
R3 
Qz = 1 RITRA x = 


Ho,, = gain at C.Z. output (as f — 0 Hz) 
—Ra2(R4 — R1) 
Ri(R2 + R4) 


f 
Ho.0 = gain at C.Z. output (as1 — faux) 


H => 
a Ri R2 
, ae. (= + ail R4 
a R2 + R4/ Rt 


TL/H/5645-6 


TL/H/5645-15 
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2.0 Modes of Operation (Continued) 
MODE €a: Single Pole, HP, LP Filter (See Figure 75) MODE 6b: 
fo = cutoff frequency of LP or HP output 


R2 f R2 f 
_ R2 fouk , R2 foik 


R3 100 R23 50 


FIGURE 15. MODE 6a 


Single Pole LP Filter (Inverting and Non- 
Inverting) (See Figure 716) 
= cutoff frequency of LP outputs 


~ R2 foik or £2 feu 
~ R3 100° R38 50 


= 1 (non-inverting) 


TL/H/5645-16 


po LPA(N.INV.) Vin LP (INV) 


FIGURE 16. MODE 6b 
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TL/H/5645-7 


2.0 Modes of Operation (Continued) 


MODE 6c: 


fc 


Hoap 
Hoap 
HoLp 
Ry 


Single Pole, AP, LP Filter (See Figure 17) MODE 7: Summing Integrator (See Figure 18) 


_ foLk - fcoLk T = integrator time constant 
50 100 16 8 


= — or—_ 


= 1(asf — 0) fotk foLk 
—1 (asf — forK/2) 


= Ro = Rg 


TL/H/5645-17 
FIGURE 17. MODE 6c 


TL/H/5645-37 


Equivalent Circuit 
OUT 


“> 


TL/H/5645-38 


1 
OUT1 = — “FiNt dt — = JIN2 dt 


OUT2 = *j OUT1 dt 


FIGURE 18. MODE 7 
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2.0 Modes of Operation (Continueg) 


TABLE |. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. 
Unless otherwise noted, gains of various filter outputs are inverting and adjustable by resistor ratios. 


= 
° 
2. 
Co) 
r 
vU 


Ue frequency applications. 
Yes (above 
2 3 foL_K/50 or 
fo_K/100) 
Universal State- 
3 4 Yes Variable Filter. Best 
general-purpose mode. 
As above, but also 
3a 7 Yes includes resistor- 
tuneable notch. 
Gives Allpass res- 
4 3 No ponse with Hoap = — 1 
and Ho_p = —2. 
Gives flatter allpass 
5 . 4 Yes response than above 
if Ry = Ro = 0.02Ry4. 
6a | | a _ves | Single pote. 
oe y 2 Yes Single pole. 
6c Single pole. 
Summing integrator with 
u alone ae iia adjustable time constant. 


3.0 Applications Information 


The LMF100 is a general purpose dual second-order state 
variable filter whose center frequency is proportional to the 
frequency of the square wave applied to the clock input 
(foLk). The various clocking options are summarized in the 


following table. 
Clocking Options 


Power Supply 
—5Vand +5V | TTL (OV to +5V) ov | +5V 
—5Vand+5V |CMOS(—5Vto+5V)| OV | +5V 
OV and 10V TTL (OV to 5V) ov | +10V 
OV and 10V CMOS (OV to +10Vv) | +5V | +10V 


—2.5V and +2.5V| CMOS ov |+2.5V 
OV OV 
+2.5V| +5V 


(—2.5V to + 2.5V) 
TTL (OV to + 5V) 
CMOS (OV to +5V) 


Number of 
Resistors 


Adjustable 


Notes 
foik/fo 


May need input buf- 
fer. Poor dynamics 
for high Q. 


Useful for high 


By connecting pin 12 to the appropriate dc voltage, the filter 
center frequency, fo, can be made equal to either fo_«/100 
or fo. «/50. fo can be very accurately set (within +0.6%) by 
using a crystal clock oscillator, or can be easily varied over 
a wide frequency range by adjusting the clock frequency. If 
desired, the fco_«/fo ratio can be altered by external resis- 
tors as in Figures 10, 11, 12, 13, 14, 15 and 76. This is 
useful when high-order filters (greater than two) are to be 
realized by cascading the second-order sections. This al- 
lows each stage to be stagger tuned while using only one 
clock. The filter Q and gain are set by external resistor ra- 
tios. 


All of the five second-order filter types can be built using 
either section of the LMF100. These are illustrated in Fig- 
ures 71 through 5 along with their transfer functions and 
some related equations. Figure 6 shows the effect of Q on 
the shapes of these curves. 


3.1 DESIGN EXAMPLE 


In order to design a filter using the LMF100, we must define 
the necessary values of three parameters for each second- 
order section: fo, the filter section’s center frequency; Ho, 
the passband gain; and the filter’s Q. These are determined 
by the characteristics required of the filter being designed. 


As an example, let’s assume that a system requires a 
fourth-order Chebyshev low-pass filter with 1 dB ripple, unity 
gain at dc, and 1000 Hz cutoff frequency. As the system 
order is four, it is realizable using both second-order sec- 
tions of an LMF 100. Many filter design texts (and National’s 
Switched Capacitor Filter Handbook) include tables that list 
the characteristics (fp and Q) of each of the second-order 
filter sections needed to synthesize a given higher-order fil- 
ter. For the Chebyshev filter defined above, such a table 
yields the following characteristics: 


fon = 529 Hz Qa = 0.785 
fop = 993 Hz Qp = 3.559 
For unity gain at dc, we also specify: 
Hoa = 1 

Hop = 1 


The desired clock-to-cutoff-frequency ratio for the overall 
filter of this example is 100 and a 100 kHz clock signal is 
available. Note that the required center frequencies for the 
two second-order sections will not be obtainable with clock- 
to-center-frequency ratios of 50 or 100. It will be necessary 


f 
to adjust es externally. From Table |, we see that Mode 3 
0 


can be used to produce a low-pass filter with resistor-adjust- 
able center frequency. 


CLOCK IN JUL 


foLkK = 100 kHz 


3.0 Applications Information (continued) 


LMF 100 


In most filter designs involving multiple second-order 
stages, it is best to place the stages with lower Q values 
ahead of stages with higher Q, especially when the higher Q 
is greater than 0.707. This is due to the higher relative gain 
at the center frequency of a higher-Q stage. Placing a stage 
with lower Q ahead of a higher-Q stage will provide some 
attenuation at the center frequency and thus help avoid clip- 
ping of signals near this frequency. For this example, stage 
A has the lower Q (0.785) so it will be placed ahead of the 
other stage. 


For the first section, we begin the design by choosing a 
convenient value for the input resistance: Ra = 20k. The 
absolute value of the passband gain Ho, pa is made equal 
to 1 by choosing Ra, such that: Raq = —Ho_paRy,a = Ria 
= 20k. If the 50/100/CL pin is connected to mid-supply for 
nominal 100:1 clock-to-center-frequency ratio, we find Roa 
by: 


fon? (529)2 
Raa, = Aga —— 8 —— = 9 & 104 & = 6.6k 
BA 4A er e/ 100)2 (1000)2 ane 


R3aq = Qa VvReaRaa = 0.785y5.6 X 103 X 2 x 104 = 8.3k 


The resistors for the second section are found in a similar 
fashion: 


Rip = 20k 
Rap = Rig = 20k 
fop2 (993)2 
Rog = R4ag->————— = ——— = 19.7k 
oe Ga TOD) (1000)2 


Rgp = QpvRopR4p =3.559/1.97 x 104 x 2 x 104 = 70.6k 


The complete circuit is shown in Figure 19 for split +5V 
power supplies. Supply bypass capacitors are highly recom- 
mended. 


Vout 


TL/H/5645-30 


FIGURE 19. Fourth-order Chebyshev low-pass filter from example in 3.1. 


+ 5V power supply. OV-5V TTL or + 5V CMOS logic levels. 
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3.0 Applications Information (continued) 


N/AP/HP, N/AP/HPg 
INVp 


Si 
LMF100 


CLOCK IN JUL 


fei = 100 kHz 
TL/H/5645-31 


FIGURE 20. Fourth-order Chebyshev low-pass filter from example in 3.1. Single + 10V power supply. 0OV-5V TTL logic 
levels. Input signals should be referred to half-supply or applied through a coupling capacitor. 


1/2 LM358 


TYPICAL VALUES: 
2k <R <100k 
0.1 pF <C <470 pF 
TL/H/5645-33 


TL/H/5645-32 
TL/H/5645-34 


(a) Resistive Divider with (b) Voltage Regulator (c) Operational Amplifier 
Decoupling Capacitor with Divider 


FIGURE 21. Three Ways of Generating os for Single-Supply Operation 
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3.0 Applications Information (continued) 


3.2 SINGLE SUPPLY OPERATION 


The LMF100 can also operate with a single-ended power 
supply. Figure 20 shows the example filter with a single-end- 
ed power supply. Va* and Vp+ are again connected to the 
positive power supply (4 to 15 volts), and Va~ and Vp7~ are 
connected to ground. The Agnp pin must be tied to V+/2 
for single supply operation. This half-supply point should be 
very “clean”, as any noise appearing on it will be treated as 
an input to the filter. It can be derived from the supply volt- 
age with a pair of resistors and a bypass capacitor (Figure 
21a), or a low-impedance half-supply voltage can be made 
using a three-terminal voltage regulator or an operational 
amplifier (Figures 21b and 27c). The passive resistor divider 
with a bypass capacitor is sufficient for many applications, 
provided that the time constant is long enough to reject any 
power supply noise. It is also important that the half-supply 
reference present a low impedance to the clock frequency, 
so at very low clock frequencies the regulator or Op-amp 
approaches may be preferable because they will require 
smaller capacitors to filter the clock frequency. The main 
power supply voltage should be clean (preferably regulated) 
and bypassed with 0.1 wF. . 


3.3 DYNAMIC CONSIDERATIONS 


The maximum signal handling capability of the LMF100, like 
that of any active filter, is limited by the power supply volt- 
ages used. The amplifiers in the LMF100 are able to swing 
to within about 1 volt of the supplies, so the input signals 
must be kept small enough that none of the outputs will 
exceed these limits. If the LMF100 is operating on +5 volts, 
for example, the outputs will clip at about 8Vp.p. The maxi- 
mum input voltage multiplied by the filter gain should there- 
fore be less than 8Vp.p. 


Note that if the filter Q is high, the gain at the lowpass or 
highpass outputs will be much greater than the nominal filter 
gain (Figure 6). As an example, a lowpass filter with a Q of 
10 will have a 20 dB peak in its amplitude response at fo. If 
the nominal gain of the filter (Ho,_p) is equal to 1, the gain at 
fo will be 10. The maximum input signal at fo must therefore 
be less than 800 mVp.p when the circuit is operated on +5 
volt supplies. 


Also note that one output can have a reasonable small volt- 
age on it while another is saturated. This is most likely for a 
circuit such as the notch in Mode 1 (Figure 7). The notch 
output will be very small at fo, so it might appear safe to 
apply a large signal to the input. However, the bandpass will 
have its maximum gain at fo and can clip if overdriven. If one 
output clips, the performance at the other outputs will be 
degraded, so avoid overdriving any filter section, even ones 
whose outputs are not being directly used. Accompanying 
Figures 7 through 77 are equations labeled “‘circuit dynam- 
ics”, which relate the Q and the gains at the various outputs. 
These should be consulted to determine peak circuit gains 
and maximum allowable signals for a given application. 


3.4 OFFSET VOLTAGE 


The LMF100’s switched capacitor integrators have a slightly 
higher input offset voltage than found in a typical continuous 
time active filter integrator. Because of National’s new 
LMCMOS process and new design techniques the internal 
offsets have been minimized, compared to the industry 
standard MF 10. Figure 22 shows an equivalent circuit of the 
LMF 100 from which the output de offsets can be calculated. 


Typical values for these offsets with Sa/p tied to V+ are: 
Vosi = opamp offset = +5 mv 
Vos2 = +30 mV at 50:1 or 100:1 
Vos3 = £15 mV at 50:1 or 100:1 


When Sya/g is tied to V-, Vogp will approximately halve. 
The dc offset at the BP output is equal to the input offset of 
the lowpass integrator (Vog3). The offsets at the other out- 
puts depend on the mode of operation and the resistor ra- 
tios, as described in the following expressions. 


Mode 1 and Mode 4 


1 V 
VosiN) = Vosi (2 ie |Houe||) = a 
Vos(BP) = Voss 
VosiLP) = Vosin) — Vos2 
Mode 1a 
V a4 1 _ Voss 
os(N.INV.BP) = {14+ ra Vos a. 


Vos(INV.BP) = Vosg 


Vos(LP) = Vos(N.INV.BP) — Voge 
Mode 1b 
R2  R2 R2 
Vv =V, 1+—+—])})-— 
OS(N) ost ( R3 a) R3 Vos3 
Vos(BP) = Voss 
Vises _ Vos) _ Vos2 
OS(LP) = rg 
Mode 2 and Mode 5 
R2 1 
V = {=- + 1] Vos: X ———— 
cc (= ) OS1 ~ 7 RoyR4 
+yV au! Voss. 
OS27+R4/R2  Q\1+R2/R4- 
Rp = Ri||R3||R4 
Vos(BP) = Vos3 
Vosi(LP) = Vosin) — Vose2 
Mode 3 
VOs(HP) =Vos2 
Vos(BP) =Voss3 
R4 R4 
V. =V 1+—|-V, — 
OS(LP) OS1 | ose( =) | 
R4 
= V/, eae 
ose(F) 
Rp = R1||R2||R3 
Mode 6a and 6c 
Vos(HP) = Vos2 
R3 =e) Rg 
Vv = V 1+~+—)-—v 
OS(LP) Os1 ( Rot Ry R, Vos2 
Mode 6b 
VOS(LP (N.INV)) = Vose2 
ne) Rg 
V, =V 1+—]-—Vv 
OS(LP (INV)) OS1 ( Ro) Rp YOS2 


OOLSINT 
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3.0 Applications Information (continued) 


TL/H/5645-12 


FIGURE 22. Offset Voltage Sources 


In many applications, the outputs are ac coupled and de 
offsets are not bothersome unless large signals are applied 
to the filter input. However, larger offset voltages will cause 
clipping to occur at lower ac signal levels, and clipping at 
any of the outputs will cause gain nonlinearities and will 
change fp and Q. When operating in Mode 3, offsets can 
become excessively large if Ro and R4 are used to make 
foik/fo significantly higher than the nominal value, especial- 
ly if Q is also high. 

For example, Figure 23 shows a second-order 60 Hz notch 
filter. This circuit yields a notch with about 40 dB of attenua- 
tion at 60 Hz. A notch is formed by subtracting the band- 
pass output of a mode 3 configuration from the input using 


FIGURE 23. Second-Order Notch Filter 
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the unused side B opamp. The Q is 10 and the gain is 1 V/V 
in the passband. However, fo_k/fo = 1000 to allow for a 
wide input spectrum. This means that for pin 12 tied to 
ground (100:1 mode), R4/R2 = 100. The offset voltage at 
the lowpass output (LP) will be about 3V. However, this is an 
extreme case and the resistor ratio is usually. much smaller. 
Where necessary, the offset voltage can be adjusted by us- 
ing the circuit of Figure 24. This allows adjustment of Vosi; 
which will have varying effects on the different outputs as 
described in the above equations. Some outputs cannot be 
adjusted this way in some modes, however (Vos(ep) in 
modes 1a and 3, for example). 


Ri = 100 kn 
R2 =1ka 

R3 = 100 kX 
R4 = 100 kn 
Rg =10k9 
RI = 10k2 
Rh =10k2 


TL/H/5645-39 


3.0 Applications Information (continuea) 
SV SUPPLY 


TL/H/5645-13 


FIGURE 24. Method for Trimming Vos 


3.5 SAMPLED DATA SYSTEM CONSIDERATIONS 


The LMF100 is a sampled data filter, and as such, differs in 
many ways from conventional continuous-time filters. An im- 
portant characteristic of sampled-data systems is their ef- 
fect on signals at frequencies greater than one-half the 
sampling frequency. (The LMF100’s sampling frequency is 
the same as its clock frequency.) If a signal with a frequency 
greater than one-half the sampling frequency is applied to 
the input of a sampled data system, it will be “reflected” to 
a frequency less than one-half the sampling frequency. 
Thus, an input signal whose frequency is fs/2 + 100 Hz will 
cause the system to respond as though the input frequency 
was fs/2 — 100 Hz. This phenomenon is known as “alias- 
ing”, and can be reduced or eliminated by limiting the input 
signal spectrum to less than f,/2. This may in some cases 
require the use of a bandwidth-limiting filter ahead of the 
LMF100 to limit the input spectrum. However, since the 
clock frequency is much higher than the center frequency, 
this will often not be necessary. 


FIGURE 25. The Sampled-Data Output Waveform 


Another characteristic of sampled-data circuits is that the 
output signal changes amplitude once every sampling peri- 
od, resulting in “steps” in the output voltage which occur at 
the clock rate (Figure 25). \f necessary, these can be 
“smoothed” with a simple R-C low-pass filter at the LMF100 
output. «, 


The ratio of feLK to fg (normally either 50:1 or 100:1) will 
also affect performance. A ratio of 100:1 will reduce any 
aliasing problems and is usually recommended for wide- 
band input signals. In noise-sensitive applications, a ratio of 
100:1 will result in 3:dB lower output noise for the same filter 
configuration. 


The accuracy of the fo_K/fo ratio is dependent on the value 
of Q. This is illustrated in the curves under the heading 
“Typical Performance Characteristics”. As Q is changed, 
the true value of the ratio changes as well. Unless the Q is 
low, the error in f¢_K/fo will be small. If the error is too large 
for a specific application, use a mode that allows adjustment 
of the ratio with external resistors. 


TL/H/5645-35 


001SIN1 


LMF 120/LMF 121 


ZANational 


Semiconductor 


LMF120/LMF121 Mask-Programmable 
Switched-Capacitor Active Filter System 


General Description 


The LMF120 and LMF121 are mask-programmable 
switched-capacitor filters capable of realizing virtually any 
filter response up to twelve poles using six independent bi- 
quad blocks. They are customized to meet specific applica- 
tion requirements through the use of automated design 
techniques. Circuit realization occurs during the final metal- 
mask stage of the manufacturing process. 


Three sample-and-hold inputs and three buffered outputs 
allow one, two, or three independent filters on a single chip. 
Each of the filters may be any type: high-pass, low-pass, all- 
pass, bandpass, or notch. 


The center or cutoff frequency of each filter is determined 
by the clock frequency. The clock signal can be supplied by 
an external source, or it can be generated by the internal 
oscillator, using an external crystal and two capacitors. An 
on-board programmable divider chain can divide the clock 
input frequency by up to 256 so that each on-chip filter can 
have a different cutoff/center frequency. Accuracy is en- 
hanced by close matching of the internal components: the 
ratio of the clock frequency to the center/corner frequency 
is typically accurate to +0.5%, and is guaranteed to +.1.5% 
over the full temperature range. 

The customization process is initiated by submitting transfer 
functions, pole and zero locations, or band diagrams to Na- 
tional Semiconductor. A worksheet is included in this data- 
sheet, which can be returned to National. Semiconductor for 


Simplified Block Diagram 


an initial evaluation. Each filter is computer-optimized to 
best meet the requested specifications, and computer simu- 
lations are produced for approval before prototyping begins. 


Features 

@ Mask-programmable for virtually any filter response 

& All filter types (low-pass, high-pass, bandpass, notch, 
all-pass) 
All filter approximations (Butterworth, Chebyshev, Ellip- 
tic, Bessel, etc.) 
Up to 12 poles and right-half-plane (LMF120) or left- 
half-plane (LMF121) zeros in one 16-pin package 
One, two, or three filters per package 
Wide Q range: up to 100 per biquad 
Choice of internal or external clock 
No external components other than clock or crystal and 
two capacitors 
Programmable clock divider: +2 to + 256 
Center frequency accuracy: + 1.5% over temperature 
Supply voltage range: +2V to +7.5V or +4V to +14V 


Applications 

w Anti-alias filters 

@ Real-time audio analyzers 
Biomedical instrumentation 
@ Cellular telephones 
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Absolute Maximum Ratings (notes 1 & 3) 


If Military/Aerospace specified devices are required, Power Dissipation (Note 5) 500 mW 
please contact the National Semiconductor Sales Maximum Junction Temperature 150°C 
Office/Distributors ee aver aDHbEY. and specications. Storage Temperature Range —~65°C to +150°C 
Total Supply Voltage (V+ — V-) : ie fe +16V “ESD Susceptibility (Note 6) 2000V 
Voltage at Any Pin V~ —0.3VtoV™ + 0.3V 
Input Current per Pin (Note 10) +5mA Operating Ratings (notes 2 & 3) 
Total Input Current (Note 10) +20 mA Temperature Range Tain < Ta < Tmax 
Lead Temp. (Soldering 10 sec.) LMF120CIN, LMF120CIV, 
Dual-In-Line Package (Plastic) 300°C LMF121CIN, LMF121ClV 
Surface Mount Pkg. (Note 4) LMF120ClJ, LMF121ClJ —40°C < Tp < +85°C 
Vapor Phase (60 sec.) 215°C LMF120CMJ, LMF121CMJ —58°C < Ty < + 125°C 
Infrared (15 sec.) 220°C Supply Voltage (Vt =V7) 4.0V to 14V 


Filter Electrical Characteristics 

Because the performance characteristics of the LMF120 and LMF121 vary depending on the programming mask configuration, 
many of the specifications listed in this section are given only as typical values. These are intended to serve as guidelines for 
assessing the capabilities of the IC and the feasibility of a desired filter response. Specific filter performance data (obtained by 
computer simulation) will be supplied by National Semiconductor after the desired characteristics for the particular filter imple- 
mentation have been defined. Test frequencies and attenuation values appropriate to the application can then be chosen. The 
following specifications apply for V* = +5V and V~ = —5V unless otherwise specified. Boldface limits apply for Ta = 
Ty = Tmin to Tmax; all other limits apply for Ta = Ty = 25°C. 


F Tested Design - 
Typical a we Units 
Symbol Parameter (Note 7) Limit Limit (Limit) 
(Note 8) (Note 9) 
foLk Filter Clock Frequency 10 Hz (Min) 
1.5 MHz (Max) 
foLKIN Clock Input Frequency 
(Logic Circuitry Only) eer’ 4 Mile (Man 
fo Center or Cutoff 0.1 Hz (Min) 
Frequency 100 kHz (Max) 
foik/fo Filter Clock-to-Center-Frequency 10 Hz/Hz (Min) 
Ratio Range (Each Biquad) 500 Hz/Hz (Max) 
Afcik/fo Filter Clock-to-Center-Frequency # 3 
Accuracy (Each Biquad) aoe o iMay 


Passband Gain Error 
Q Filter ‘“Q” (Each Biquad) 


| soe | fT ce evan 
Ce Pee ee 


fo X Q Center Frequency-Q Q< 100 MHz 
Product 


mVrms 


mA 


a 
fo} 


“NI = 


Q Accuracy (Each Biquad) 


ol6 


Dynamic Range 
(Each Biquad) 


Clock Feedthrough 


(Note 11) 


Vos Offset Voltage 
(Each Biquad) 


IsBQ Supply Current 
(Each Biquad) 


Supply Current (Each Input 
Sample-and-Hold) 


a 
O 
x 


Is Total Supply Current (All 
Circuit Blocks Connected) 
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Output Buffer Electrical Characteristics / 
The following specifications apply for vt = +5V and V~ = —5V unless otherwise specified. Boldface limits apply for 
Ta = Ty = Tmin to Tmax; all other limits apply for Ta = Ty = 25°C. 


, Typical 1 ron Design Units 
(Note 7) Lane aeiaie (Limit) 
(Note 8) (Note 9) 


Logic Input and Output Electrical Characteristics 
The following specifications apply for V+ = +5V and V_ = —5V unless otherwise specified. Boldface limits apply for 
Ta = Ty = Tmin to Tmax; all other limits apply for Ta = Ty = +25°C. 


Typical Tested Design Units 
Parameter Conditions fe 7) Limit Limit: (Limit) 
(Note 8) (Note 9) 


Pin 7 CMOS 


Logical “1” vt = 5V,V~ = —5V +3.0 
Logical “0” —3.0 


Clock Input 
Logical “0” +2, 
and 13) ogical 2.0 


Logical “1” vt = 2.5V,V~ = —2.5V +15 
Logical “0” =1.5 
Logical “1” vt = 5V,V~ =OV +4.0 
Logical “0” ; +1.0 
Logical ‘‘1” vt = 5V,V~ = —5V +2.0 
Logical “0” +0.8 
: - | - 7 leat 


Pin6 TTL 


Clock 
Se | Legeal “i” vt = 10V,V~ +2.0 
(Notes Logical “0” +0.8 


and 13) = — 
Logical “1” Vv" =5V,V> =O0V 
Logical ‘‘O” 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions for which the device is intended to be functional. These ratings do not guarantee specific performance limits, 
however. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions 
listed. Some performance characteristics may degrade when the device is not operated under the listed test conditions. 


Note 3: All voltages are measured with respect to GND unless otherwise specified. 


Note 4: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any current Linear Data 
Book for other methods of soldering surface mount devices. 


Note 5: The maximum power dissipation must be derated at elevated temperatures and is a function of TJmax, ©ya, and the ambient temperature, Ta. The 
maximum allowable power dissipation at any temperature is Pp = (TJmax — Ta)/®Ja Or the number given in the Absolute Maximum Ratings, whichever is lower. 
For guaranteed operation, TJjmax = 125°C. The typical thermal resistance (©) of the LMF120 and LMF121 in the ‘“N” package when board-mounted is 51°C/W. 
ya is typically 52°C/W for the LMF120 and LMF 121 in the “J” package , and 86°C/W for the LMF120 and LMF 121 in the “V” package. 


Note 6: Human body model, 100 pF discharged through a 1.5 kf resistor. 

Note 7: Typicals are at Ty = 25°C and represent the most likely parametric norm. 

Note 8: Tested Limits are guaranteed and 100% tested. 

Note 9: Design Limits are guaranteed, but not 100% tested. ) 


Note 10: When the input voltage (Vij) at any pin exceeds the power supplies (Vij < V~ or Vin > V+), the current at that pin should be limited to 5 mA. The 20 mA 
maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 11: Dynamic range is defined as the ratio of the tested minimum output voltage swing to the wideband noise over a 20 kHz bandwidth. 

Note 12: Each custom version of the LMF120 or LMF 121 will be tested at only one power supply voltage, which will be chosen to correspond to the application for 
which it is intended. 

Note 13: Only one clock input will be active for any given version of the LMF 120 or LMF 121. Therefore, a device wil be tested for either TTL or CMOS clock input 
threshold, whichever is appropriate. 
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Connection Diagrams 
Dual-in-Line Package | Plastic Chip Carrier Package 
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TL/H/10353-2 
Order Number LMF120CIJ, LMF120CMJ, LMF120CCN, 
LMF121ClJ, LMF121CMJ or LMF121CCN 


See NS Package Number J16A or N1GE TL/H/10353-3 
Order Number LMF120CCV or LMF121CCV 


See NS Package Number V20A 
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Typical Performance Characteristics 


Biquad Clock-to-Center Biquad Clock-to-Center 
Frequency Ratio Deviation Biquad Q Deviation Frequency Ratio Deviation 
vs a hte vs Clock Frequency vs Clock Frequency 
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Pin Description 


GND (Pin 1) This is the analog ground reference for the 
LMF120 and LMF 121. In split supply appli- 
cations, GND should be connected to the 
system . ground. When operating the 
LMF120 or LMF121 from a single positive 
power supply voltage, pin 1 should be con- 
nected to a “clean” reference voltage 
midway between vt andV~. 

N.C. (Pins 2,9, These pins are not connected to the inter- 

13, & 15) nal circuitry. ; 

OUTS (Pin 3), | These are the outputs of the buffer amplifi- 

OUT2 (Pin 4), ers. Depending on the filter configuration, 

OUT1 (Pin 5) —_ one, two, or all three of these outputs may 


be used. 


This is the crystal oscillator input pin. 
When using the internal oscillator, the 
crystal should be tied between XTAL1 and 
XTAL2. XTAL1 can also be used as an in- 
put for an external TTL-level clock. 


This is the output of the internal crystal os- 
cillator. When using the internal oscillator, 
the crystal should be tied between XTAL1 
and XTAL2. XTAL2 can also be used as 
an input for an external CMOS logic-com- 
patible clock swinging from V~ to V™. 


This is the negative power supply pin. It 
should be bypassed with at least a 0.1 uF 
ceramic capacitor. For single-supply oper- 
ation, connect this pin to system ground. 


This is the clock output pin. It can drive the 
clock inputs of additional filters or other 
components. The clock output signal 
swings from V* to V_. This pin can be 
mask-programmed to supply an output at 
the same frequency as the internal oscilla- 
tor or external clock input, or at any output 
frequency available from the internal divid- 
er chain. 


INPUT1 (Pin 11), These are the inputs to the filter. When 
INPUT2 (Pin 12),necessary (in notch filters, for example), 
INPUTS (Pin 14) the input pins are connected to the inter- 

nal sample-hold circuits. 
$2 


XTAL1 (Pin 6) 


XTAL2 Pin 7) 


V7 (Pin 8) 


CLOCK OUT 
(Pin 10) 


$2 


Cu2 
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FIGURE 1. Single Biquad Structure. The LMF 120 contains six of the second-order blocks shown in 7(a). Each biquad 
block in the LMF120 can realize a second-order low-pass, high-pass, bandpass, notch, or all-pass response. The 


This is the positive power supply pin. It 
should be bypassed with at least a 0.1 uF 
ceramic capacitor. 


vt (Pin 16) 


Functional Description 


Each of the six internal biquad switched-capacitor filter sec- 
tions in the LMF120 (shown in detail in Figure 7) can have a 
characteristic equation of the form: 


—(S2Vup — Vep2bis + Vipbo) 


V = 
out(s) s2 + aj8 + ag (1) 


or: 

—s2Vup + Vppibis (2) 
s? + ays + ag 

The LM121’s biquads can have characteristic equations of 
the form: 


Vout(s) = 


—(s2Vyp + Vep2b1S + Vipbo) 


3 
s2 + ajS + ao (3) 


Vout(s) = 


or: 
—(s2Vup + Vppibis) (4) 
s? + aS + ao 

Note that by proper choice of coefficients and input connec- 
tions, any type of filter response (low-pass, high-pass, band- 
pass, notch, or all-pass) can be obtained. For example, a 
notch filter can be realized by connecting the input signal to 
Vup and V;p. An all-pass filter can be realized by connect- 
ing the input signal to Vp, Vip, and Vpp2. Coefficients are 
controlled by the metal mask, which determines the values 
of the internal capacitors and the interconnections between 
the filter stages, sample-holds, and output buffers. By ap- 
propriate design of the metal mask, the biquad sections can 
be cascaded to form high-order filters. 


The center or cutoff frequency is proportional to the filter 
clock frequency. The ratio of the clock frequency to the cen- 
ter frequency (foLK:fo) is programmable with virtually infinite 
resolution over a range of 10:1 to 500:1, although clock-to- 
center-frequency ratios in the 50:1 to 100:1 range usually 
give the best performance. 


Vout(s) = 


3 TL/H/10353-17 


LMF 121 contains six of the blocks shown in 7(b). Each can realize a second-order low-pass, high-pass, bandpass, or 


notch response. The LMF121’s biquads can also realize left-half-plane zeros. 


Functional Description (continued) 


The LMF120 and LMF 121 each contain three input sample- 
and-hold circuits. These are used only when necessary—in 
a notch filter, for example, where a sampled signal is 
summed with a continuous signal within the biquad. The 
result of such a summation would contain a residual signal 
equal to the difference between the sampled waveform and 
its continuous version. This residual would place a limit on 
the notch filter's effectiveness. The sample-and-hold en- 
sures that the “continuous” signal path in the biquad (from 
Vup to Vout) carries a sampled signal, thus improving the 
notch’s performance. 


In addition to three input pins, the LMF120 and LMF121 
each have three output buffer amplifiers, allowing one pack- 
age to contain up to three independent filters. The total 
number of poles can be any number up to twelve, so, for 
example, a single LMF120 or LMF121 could perform the 
function of a 6th-order low-pass, a 2nd-order bandpass, and 
a 4th-order high-pass filter simultaneously. 


Clock Circuitry 


The clock input circuitry in the LMF120 and LMF121 can be 
mask-programmed to accept an external TTL or CMOS-lev- 
el clock, or to serve as a self-contained oscillator with the 
addition of an external crystal and two capacitors (see Fig- 
ure 6). The clock signal can directly drive the biquad sec- 
tions (if the frequency is appropriate), or its frequency can 
be divided by 2", where n is an integer between 1 and 8 
(+2, +4, +8,... +256). If necessary, each biquad section 
can obtain its clock signal from a different divider tap. 

The Clock Output’ pin can be programmed to supply addi- 
tional LMF120s or LMF121s or other circuits with a clock 
signal whose frequency is equal to either the clock input 
frequency, or the frequency at any of the divider taps. 


Power Consumption 


Because the LMF120 and LMF121 are CMOS integrated 
circuits, their power consumption .is low. To further reduce 
power consumption, any unused sample-and-holds and 
buffer amplifiers are shut down when fewer than three filters 
are required. (For example, a single 12th-order notch filter 
would need only one sample-and-hold and one buffer.) Un- 
used biquad sections (if any) are shut down as well. For low- 
frequency applications, the internal current drain can be re- 
duced by about 30% for further power savings. 


Applications Information 


Power Supplies 

The LMF120 or LMF 121 can operate from supply voltages 
(vt — V_) ranging from 4.0V up to 14V, but the choice of 
supply voltage can affect circuit performance. The IC de- 
pends on MOS switches for its operation. All such switches 


have inherent “ON” resistances, which can cause small de- 


lays in charging interrial capacitances. Increasing the supply 
voltage reduces this “ON” resistance, which improves the 
accuracy of the filter in high-frequency applications. The 
maximum practical center frequency improves by roughly 
10% to 20% when the supply voltage increases from 5V to 
10V. 


Dynamic range is also affected by supply voltage. Both the 
noise level and the maximum signal voltage increase as 
supply voltage increases, but the maximum signal voltage 
increases more rapidly with supply voltage. Thus, the dy- 
namic range is greater with higher supply voltages. It is 


therefore recommended that the supply voltage be kept 
near the maximum operating voltage when dynamic range 
and/or high-frequency performance are important. 

As with all switched-capacitor filters, each power supply pin 
should be bypassed with a minimum of 0.1 F located close 
to the chip. 


100:1 


50:1 
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FIGURE 2. Switched-Capacitor Filter Output 
Waveform. Note the sampling “steps”. 


SAMPLED-DATA SYSTEM CONSIDERATIONS 


Output Steps 


Because the LMF120 and LMF121 use switched-capacitor 
techniques, their performance differs in several ways from 
non-sampled (continuous) circuits. The analog signal at any 
input is sampled during each filter clock cycle, and since the 
output voltage can change only once every clock cycle, the 
result is a discontinuous output signal. The output signal 
takes the form of a series of voltage ‘“‘steps”, as shown in 
Figure 2. The steps are smaller when the ratio of clock fre- 
quency to signal frequency is larger. 


Aliasing 

Another important characteristic of sampled-data systems is 
their effect on signals at frequencies greater than one-half 
the sampling frequency, fg. (The sampling frequency is the 
same as the filter clock frequency). If a signal with a fre- 
quency greater than one-half the sampling frequency is ap- 
plied to the input of a sampled-data system, it will be “re- 
flected” to a frequency less than one-half the sampling fre- 
quency. Thus, an input signal whose frequency is fs/2 + 10 
Hz will cause the system to respond as though the input 
frequency was fs/2 — 10 Hz. This phenomenon is known as 
“aliasing”. Aliasing can be reduced or eliminated by limiting 
the input signal spectrum to less than f,/2. In some cases, it 
may be necessary to use a bandwidth-limiting filter (often a 
simple passive RC low-pass) between the signal source and 
the switched-capacitor filter’s input. 


Clock Frequency Limitations 


The performance characteristics of a switched-capacitor fil- 
ter depend on the switching (clock) frequency. At very low 
clock frequencies (below 10 Hz), the time between clock 
cycles is relatively long, and small parasitic leakage currents 
cause the internal capacitors to discharge sufficiently to af- 
fect the filter's offset voltage and gain. This effect becomes 
more pronounced at elevated operating temperatures. 


At higher clock frequencies, performance deviations are pri- 
marily due to the reduced time available for the internal op- 
erational amplifiers to settle. For this reason, when the filter 
clock is externally generated (clock divider unused), the 
clock waveform’s duty cycle should be as close to 50% as 
possible, especially at high clock frequencies. 
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Applications Information (Continued) 


Offset Voltage 


Switched-capacitor filters often have higher offset voltages 
than non-sampling filters with similar topologies. This is due 
to charge injection from the MOS switches into the sampling 
and integrating capacitors. The LMF120 and LMF121 are 
built using National’s LMCMOS™ process for linear CMOS 
circuits, and have far lower input offset voltage than most 
other switched-capacitor filters. Typical offset voltage for an 
LMF120 or LMF121filter will be in the 20 mV to 400 mV 
range, with the actual value being strongly dependent on 
the type of filter response being realized and the number of 
cascaded biquad stages needed to achieve that particular 
response. 


Noise 


Switched-capacitor filters have two kinds of noise at their 
outputs. There is a random, “thermal” noise component 
whose level is typically on the order of 250 wV. The actual 
value depends on the specific filter being implemented. The 
other kind of noise is digital clock feedthrough. This will 
have an amplitude in the vicinity of 10: mV rms. In some 
applications, the clock noise frequency is so high compared 
to the signal frequency that it is unimportant. In other cases, 
clock noise may have to be removed from the output signal 
with, for example, a passive low-pass filter at the output of 
the LMF120 or LMF 121. 


Input Impedance 


The input pins of the LMF120 or LMF121 may be connected 
to the sample-and-hold circuits or directly to biquad filter 
sections, depending on system requirements. The sample- 
and-hold input circuits, shown in the block diagram, are nor- 
mally used only in filter implementations that require input 
signals (which are normally continuous) to be combined with 
sampled signals, as in notch and high-pass designs. Sam- 
pling the input before combining it with a sampled filter out- 
put makes the overall filter response more accurate. 


During the first half of a clock cycle, the 6; switch closes, 
charging Cjy to the input voltage Vin. During the second 


Q= 
BIQU 
fp =0 
Q=9 


BIQUAD 3 

fy = 0.927 otk 
Q=9.38 
D5 
927 
38 


BIQUAD 6 
fy = 1.078 
Q=9.38 


half-cycle, the @2 switch closes, and the charge on Cjy is 
transferred to the feedback capacitor. At frequencies well 
below the clock frequency, the input impedance approxi- 
mates a resistor whose value is 


{ 
CinfcLk 
At any sample/hold input, Cjy is nominally 0.5 pF. For a 


worst-case calculation of effective Rij, assume Ciy = 
0.5 pF and fo_k = 1.5 MHz. Thus, 


Rin 


= 1.33 M0. 


; 
Rin(min) = 975% 40-6 


GND 
TL/F/10353-7 
FIGURE 3. The inputs to the sample-and-hold circuits 
consist of diodes, switches, and capacitors. The input 
impedance has a “resistive” component that depends 
on the clock frequency, and a capacitive component 
from the protection diodes. 


At the maximum clock frequency of 1.5 MHz, the lowest 
typical value for the effective Rij the Vin input is therefore 
1.33 MQ. Note that Rix increases as fc_« decreases, so the 
input impedance will always be greater than or equal to this 
value. In addition to this “resistive” input impedance, the 
input protection diodes and the package contribute a total of 
about 5 pF of capacitance from the input pin to ground. 


When the input pins are connected directly to a biquad sec- 
tion, the input impedance can be either a “pure” capaci- 
tance to ground, or a “resistive” switched-capacitor network 
with characteristics similar to these of the sample-and-hold 
circuits. As Figure 1 shows, the capacitors at the inputs of 
the biquads do not have fixed values. They are typically 
around 1 pF to 2 pF, but can be as large as 8 pF in some 
designs. ; 


OSCILLATOR/ | 
; LEVEL SHIFTER 
DIVIDER CHAIN 


+2 
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FIGURE 4. Block Diagram of LMF120-TPQ showing internal connections. Note that the input sample-and-holds are not 
used in this version of the LMF120. The clock output frequency is one-half of the clock input frequency. 


Typical Applications 
Third-Octave Analyzer Filter 


Figure 4 is a block diagram of one version of the LMF120. 
The LMF120-TPQ contains three fourth-order Chebyshev 
bandpass filters. The center frequencies are spaced 1/4 oc- 
tave apart. This circuit is intended to be used in “real time” 
audio spectrum analysis applications. Figure 5 shows’ the 
computer-simulated magnitude versus frequency curves for 
the LMF120-TPQ. These curves meet ANSI specifications 
for Type E, Class Il, Third-Octave filters. The center fre- 
quencies of the LMF120-TPQ’s three filters are located at 
foik/50, foLk/62.5, and fco_K/80, so that by using several 
LMF120-TPQs with clock frequencies separated by a factor 
of 2n, a complex audio program can be analyzed for fre- 
quency content over a range of several octaves. To facili- 
tate this, the CLK OUT pin of the LMF120-TPQ supplies an 
output clock signal whose frequency is 1/ that of the incom- 
ing clock frequency. Therefore, a single internal or external 
clock oscillator can provide the clock reference for all of the VIN 
30 filters in a complete audio real time analyzer. 


The circuit shown in Figure 6 uses the LMF120-TPQ to im- = 
plement a 1-octave filter set for use in “real time” audio 
program analyzers. Ten LMF120-TPQs can provide all of 


3 
LMF60=100 
the filtering for the full audio frequency range. 7 


The upper LMF 120 handles the highest octave, with center — 
frequencies of 20 kHz, 16 kHz, and 12.6 kHz. It also con- 
tains the 1 MHz master clock oscillator for the entire sys- 
tem. Its Clock Out pin provides a 500 kHz clock for the 
second LMF120, which supplies 250 kHz to: the third 
LMF120, and so on. 


20 kHz BAND OUT 
16 kHz BAND OUT 
12.5 kHz BAND OUT 


10 kHz BAND OUT 
8 kHz BAND OUT 
6.25 kHz BAND OUT 


S kHz BAND OUT 
4kHz BAND OUT 
3.13 kHz BAND OUT 


2.5 kHz BAND OUT 
2kHz BAND OUT 
1.56 kHz BAND OUT 


1.25 kHz BAND OUT 
1 kHz BAND OUT 
781 Hz BAND OUT 


625 Hz BAND OUT 
500Hz BAND OUT 
391 Hz BAND OUT 


GAIN (4B) 


313Hz BAND OUT 
250Hz BAND OUT 
195 Hz BAND OUT 


/ N 
ar se EE 
BES £4 Bea 


FREQUENCY (Hz) 
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FIGURE 5. Response curves for the three filters in the 
LMF120-TPQ. The clock frequency is 250 kHz. 


If the audio input signal were applied to all of the LMF120- 
TPQ input pins, aliasing might occur in the lower frequency 
filters due to audio components near their clock frequencies 
(e.g., an input signal component near 1.8 kHz will produce 
an output from one of the filters in the LMF120 that handles 
the lowest octave). This problem is solved by using two 
LMF60-100 6th-order Butterworth low-pass filters as anti- 
aliasing filters. One LMF60-100 is placed ahead of the three 
lowest-frequency LMF120TPQs and is clocked with the 
31.25 kHz clock signal. The other LMF60-100 is ahead of 
the next four LMF120-TPQs and the first LMF60-100. Its 
clock frequency is 500 kHz. 


156 Hz BAND OUT 
125 Hz BAND OUT 
97.7 Hz BAND OUT 


78.1 Hz BAND OUT 
62.5 Hz BAND OUT 
48.8 Hz BAND OUT 


39.1 Hz BAND OUT 
31.3Hz BAND OUT 
24.4Hz BAND OUT 


TL/H/10353-10 
FIGURE 6. Audio “Real-Time” analyzer filter 
set using LMF120-TPQ one-third octave filters. 
The LMF60s provide anti-alias filtering. 
Power supplies (not shown) are +5V and 
should be bypassed with 0.1 .F at each supply pin. 
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LMF 120/LMF121 


Typical Applications (Continued) 


The internal sample-and-hold circuits are not connected to 12th-Order Elliptic Low-Pass 

the LMF120-TPQ’s input pins; instead, the inputs are con- With the internal biquads connected as shown in Figure 7, 
nected directly to C6 of three of the biquads (see Figure 4 ). the LMF120 functions as a 12th-order elliptic low-pass filter 
C6 is 1.2 pF in the LMF120-TPQ, so the input impedance at with 0.4 dB passband ripple. The filter’s extremely rapid cut- 
each input of the chip handling the highest octave will be off slope is useful in applications such as anti-aliasing filters, 
833 kQ. The input impedances of the filters in the next oc- where unwanted:signals may exist at frequencies just above 
tave will be twice this, or 1.667 MQ, and so on. Each filter those of the desired signals. Two curves of gain vs frequen- 
will also have 5 pF of additional capacitance to ground. cy are included—Figure 8 shows the filter’s overall re- 


sponse, and Figure 9 shows the passband response with 
much higher resolution. 


BIQUAD 1 
ps CLK 
fo= 1.001 5° 
= CLK 
fz =5.750-a6 
Q= 68.58 


BIQUAD 2 ; 
= CLK 
f= 0.97559 
— CLK 
fy = 2.086-2 
Q= 19.195 


BIQUAD 3 
fg = 0.910-29° 


f 
fy = 1.447 -a¢° 
Q=8.356 
E BIQUAD 4 ; 
fp = 0.784-a4° 


_ folk 
fy = 1.225-K 
Q=3.866 


BIQUAD 5 
Ae CLK 


2 foLk 
fp = 1136-2 


Q= 1.740 
E BIQUAD 6 ;,,, 


fg = 0.293 -" 
fi 
fy = 1.104-go8 


Q=0.684 


TL/H/10353-11 
FIGURE 7. 12th-Order Elliptic Low-Pass Filter 
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10000 


FREQUENCY (Hz) , FREQUENCY (Hz) 
: TL/H/10353-12 TL/H/10353-13 
FIGURE 8. Computer-simulated LMF120 12th-Order FIGURE 9. Computer-simulated LMF 120 
Elliptic Low-Pass Response. The clock frequency for 12th-Order Elliptic Low-Pass Response. This 
the curve shown here is 100 kHz, and the clock-to- curve covers the same frequency range as 
center-frequency ratio is 50:1. the one in Figure 8, but increased resolution 


shows the passband ripple more clearly. 
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Semi-Custom Filter 
Development Procedure 


Note: Please contact the nearest National Semiconductor Sales Office for 
information on LMF120 or LMF121 semi-custom filter development 
costs. 

Developing a new switched-capacitor filter using the 

LMF 120 or LMF 121 is relatively simple. First, define the per- 

formance requirements for the filter(s) in terms of pole and 

zero locations, transfer functions, or frequency/attenuation 
specifications, whichever is most convenient. The work- 
sheet in the back of this data sheet may be used for this 
purpose. National Semiconductor will determine whether 
the application’s performance requirements can be met with 

a semi-custom proprietary version of the LMF120 or 

LMF121. If the required filter is feasible, computer simula- 

tions of the filter’s performance will be provided. If the per- 

formance is satisfactory, test frequencies and performance 
limits will be chosen and the custom metal mask will be 
produced and prototype devices will be manufactured. The 
prototyping stage generally takes from eight to twelve 
weeks. After prototypes have been built, tested, and ap- 
proved, production can begin. (See the pre-production activ- 
ity flow in Figure 70). 


Feasibility 

The first step in developing a custom filter based on the 
LMF120 or LMF 121 is to determine whether an LMF120 or 
LMF121 can indeed realize the desired filter response. To 
this end, it is helpful to understand the limitations of the 
Circuit. 

The center or cutoff frequency (fo) of the filter is one limita- 
tion. As indicated in the table of Filter Electrical Characteris- 
tics, this can typically range from a low of 0.1 Hz to a high of 
100 kHz. These numbers, however, are given as guidelines 
only. The actual frequency limits will depend on the specific 
characteristics of the filter being developed. For example, if 
the desired filter must have a very fast attenuation slope 
beyond the cutoff frequency, the maximum cutoff frequency 
may be significantly less than 100 kHz. As a general rule, 
filters with gentler slopes can have cutoff frequencies as 
high as 100 kHz, while very fast rolloffs may be limited to 
corner frequencies below 20 kHz. 


Filter Q is another parameter whose acceptable range is 
strongly dependent on the desired characteristics. Higher 
values of Q are more difficult to achieve with high center or 
corner frequencies. A useful figure of merit is the product of 
Q and Fo. If this product is less than 1 MHz and Q is less 
than 100 for each biquad filter section, it should be achiev- 
able with the LMF120 or LMF121. 

Filter order is obviously an important specification. If the 
desired filter response requires a 13th-order filter, it can’t be 
fully implemented by a single LMF120 or LMF121, which 
can provide up to 12 poles of filtering. 
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As discussed earier in this data sheet, the offset voltage of 
the LMF120 or LMF 121 will generally be in the tens of milli- 
volts, and will be dependent on the kind of transfer function 
the filter is intended to realize. It is important to ensure that 
the application’s requirements are compatible with the off- 
set voltage characteristics of the LMF120 or LMF121. 


THE DESIGN AUTOMATION SYSTEM 


National Semiconductor customizes the LMF120 or 
LMF121 to a specific application by generating a metal 
mask that provides the interconnections between the inter- 
nal circuit blocks and programs them for the required char- 
acteristics. The mask is generated using National’s proprie- 
tary filter CAD software. This software computes the opti- 
mum capacitor values for each of the six switched-capacitor 
biquad filter sections to ensure close conformance to the 
target requirements. It also optimizes the design for high 
signal-to-noise ratio, and then analyzes the design, taking 
into account all second-order effects, such as parasitic ca- 
pacitances, switch “ON” resistance, and the finite gain- 
bandwidth products of the operational amplifiers. The final 
design analysis is then returned for verification and approv- 
al. 


Actual metal mask generation begins once the design and 
the test frequencies and limits have been approved. Nation- 
al’s in-house CAD system is used to facilitate mask genera- 
tion. The new metal mask is then used to complete the 
fabrication of the final silicon. The design automation sys- 
tem ensures fast and accurate results on the first run. 


The Test Procedure 


When the IC is in production, its performance must be veri- 
fied by automated testing. Some of the tests will be com- 
mon to all versions of the LMF120 and LMF121: logic levels 
and logic input current for example. Other tests will be for 
parameters that are specific to a particular metal mask. 
These consist of total supply current, DC offset voltages, 
signal swing, and several frequency/gain (or attenuation) 
test points for each filter. The frequencies and test limits will 
be tailored to the specific application requirements for the 
filter(s). 

National will provide information on the typical behavior of 
the filter(s) for those parameters that are not tested or guar- 
anteed by design, such as clock feedthrough and output 
noise. This information will be returned with the prototype 
parts. 


Some special test requirements can be accommodated; 
these will be evaluated on request. 
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Semi-Custom Filter Development 
Procedure (Continued) 
Inputs Received by 


National Semiconductor Corp. 


Feasibility Analysis 


Simulation of Filter(s) 


Approval of 
Filter Simulations 
and Test Limits 


Project Initiation 
Purchase Order Required 


Layout Generation 
Layout Verification 
~~ Metal Mask Preparation 
Wafer Fabrication 
Wafer Test 
Packaging 


Testing of Packaged Parts 


Approval 
. of Prototypes 


Production Begins 


TL/H/10353-14 
FIGURE 10. Pre-Production Activity Flow 


LMF120/LMF121 Filter Worksheet 


Instructions 


Use the following instructions for completing the attached 
Filter Worksheet. Return one completed worksheet for each 
LMF120 or LMF121 device (maximum of three filters per 
LMF120 or LMF121) to your local National Semiconductor 
sales office. If you require more worksheets you may photo- 
copy this one. 


1. Supply Voltage: 

Specify your system supply voltage requirements. The total 
supply voltage (vt — V_) can be anywhere from 4V to 
14V. Higher voltages are advantageous when dynamic 
range and maximum operating frequency are critical con- 
cerns. 
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2. Total Number of Filters: 


The LMF120 or LMF121may consist of one, two or three 
independent filters. Specify the total number of filters for 
this LMF120 or LMF121 design. 


3. Input Clock Frequency: 


The maximum clock frequency is 4 MHz. Specify the crystal 
frequency if you plan to use the internal crystal oscillator. 
Two external capacitors and one crystal are required for the 
crystal oscillator. 


4. Filter Clock Frequency: 


This is the frequency at which the filter will be clocked. 
There are many factors to be considered in the choice of 
this frequency. Operation at the highest possible clock fre- 
quency reduces aliasing in the signal band, and reduces the 
need for pre- and/or post-filtering. However, there are cer- 
tain factors that limit the maximum frequency. These include 
finite gain-bandwidth of the op-amps and finite on-resistanc- 
es of internal switches. On the other hand, using slow clock 
frequencies enables the filter to operate at lower supply cur- 
rents and to save power on applications requiring low-power 
operation. The maximum clock frequency for the internal 
biquads is 1.5 MHz, so the internal clock frequency divider 
must be used to reduce this frequency if the clock frequency 
at the clock input pin is greater than 1.5 MHz. Additionally, 
the filter clock frequency must also be at least ten times 
higher (and preferably 50 to 100 times higher) than the high- 
est pole or zero in the filter structure. 


Example: Determine the filter clock frequency for a BAND- 
PASS filter with center at 1 kHz. The system clock (input 
clock) is 3.5 MHz. 


Solution: Since the input clock is higher than 1.5 MHz it 
must be divided down internally. Dividing by 32 gives a filter 
clock frequency of 109.38 kHz. Therefore, the clock-to-cen- 
ter frequency ratio is 109380/1000 = 109.38. This is close 
to the 50:1 to 100:1 range of clock-to-center-frequency ra- 
tios that generally gives the best results. 


5. Clock Output Frequency: 


This is an optional output that may be used to supply a clock 
frequency anywhere else in the application system. This 
output is subject to the following constraints: 


foLkouT = fotkin/2" for n = 0, 1,... 8. Specify N/A if this 
output is not to be used. 


6. Input Clock Level: 


CMOS or TTL input levels may be specified for OV-5V, 
+5V or OV—10V power supplies. For non-standard supplies, 
only CMOS input levels may be specified. 


7. Filter Descriptions: 


Use this space to describe the filter(s) by transfer functions, 
band diagrams, pole-zero locations, or fo and Q values for 
the individual biquads. Pole-zero locations or fo and Q val- 
ues are preferred, but the filters may be described in any of 
the ways mentioned above. Examples of appropriate band 
diagrams are shown in Figures 11 and 72. fc is the cutoff 
frequency of the passband and fg is the frequency that de- 
fines the beginning of the stopband. Ajax is the maximum 
acceptable passband gain variation. Ain is the minimum 
acceptable stopband attenuation. 


LMF120/LMF121 Filter Worksheet Instructions (continued) 


FREQUENCY 


TL/H/10353-15 
FIGURE 11. Format of a band diagram for a low-pass 
filter. The amplitude response requirements are 
specified by Amax; Amin; fc and fs. 


FREQUENCY 
TL/H/10353-16 
FIGURE 12. Format of a band diagram for a bandpass 
filter. The filter’s amplitude response requirements are 
specified by Ayin, Amax; fc1; fea, fs1 and fso. 
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Test frequencies for each filter should be specified with the 
following in mind: 


A. Test frequencies between 100 Hz and 8 kHz: Digital Sig- 
nal Processing techniques are used in the test procedure. 
This produces the best accuracy and allows the measure- 
ment of both amplitude and phase response at the test fre- 
quencies. The customer may choose between the following 
alternatives: 


1. 7 test frequencies; each frequency is a multiple of 10 Hz 
with a minimum difference of 10 Hz. 


2. 15 test frequencies; each frequency is a multiple of 10 Hz 
with a minimum difference of 20 Hz. 


In the DSP test procedure, all of the test frequencies are 
applied to the filter simultaneously. The output energy avail- 
able at any given frequency will be less with 15 test frequen- 
cies than with 7 test frequencies; therefore the test will be 
more accurate with 7 test frequencies than with 15 test fre- 
quencies. 


B. Test frequencies above 8 kHz will require a voltmeter test 
method, which can measure only the amplitude response. 
The only constraint on the voltmeter method is that the test 
frequencies must be above 1 kHz. 7 frequencies can be 
tested. 


Any special requirements will be considered separately, and 
may be included with the Worksheet. 
8. APPLICATION INFORMATION: 


Describe the application, the end product, and the most im- 
portant performance characteristics for the filter in this ap- 
plication. 
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LMF120/LMF121 Filter Worksheet 


Engineering Contact 
Phone 

Company Name 
Address 


1) Supply Voltage 

2) Total Number of Filters 

3) Input Clock Frequency (4 MHz Maximum) 
4) Filter Clock (1.5 MHz Maximum) 

5) Clock Output Frequency 

6) Input Clock Logic Levels (TTL or CMOS) 


7) Filter Descriptions: 


Please use the space below to define your filter(s). Note 
that the total sum of the poles or zeros for all three filters 
must not exceed twelve. 


Filter #1 
Filter Order 


Use the space below to write the transfer function or pole/ 
zero locations, or plot a detailed band diagram. Use a sepa- 
rate page if more space is needed. 


Filter #1 Test Frequencies 
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Filter #2 
Filter Order 


Use the space below to write the transfer function or pole/ 
zero locations, or plot a detailed band diagram. Use a sepa- 
rate page if more space is needed. 


Filter #2 Test Frequencies 


Filter #3 
Filter Order 


Use the space below to write the transfer function or pole/ 
zero locations, or plot a detailed band diagram. Use a sepa- 
rate page if more space is needed. 


Filter #3 Test Frequencies 


8) Application Information: Please describe the applica- 
tion for the LMF120 or LMF 121 filters in your system. 


a) End Product: 


b) Projected Volume per Year: 


c) List the most important performance requirements for the 
filters in your application (i.e., Dynamic Range > 50 dB, etc.) 


National 


Semiconductor 


LMF380 Triple One-Third Octave 
Switched-Capacitor Active Filter 


General Description 


The LMF380 is a triple, one-third octave filter set designed 
for use in audio, audiological, and acoustical test and mea- 
surement applications. Built using advanced switched-ca- 
pacitor techniques, the LMF380 contains three filters, each 
having a bandwidth equal to one-third of an octave in fre- 
quency. By combining several LMF380s, each covering a 
frequency range of one octave, a filter set can be imple- 
mented that encompasses the entire audio frequency range 
while using only a small fraction of the number of compo- 
nents and circuit board area that would be required if a con- 
ventional active filter approach were used. The center fre- 
quency range is not limited to the audio band, however. 
Center frequencies as low as 0.125 Hz or as high as 25 kHz 
are attainable with the LMF380. 


The center frequency of each filter is determined by the 
clock frequency. The clock signal can be supplied by an 
external source, or it can be generated by the internal oscil- 
lator, using an external crystal and two capacitors. Since the 
LMF380 has an internal clock frequency divider (+2) and 
an output pin for the half-frequency clock signal, a single 
clock oscillator for the top-octave LMF380 becomes the 
master clock for the entire array of filters in a multiple 
LMF380 application. bee 


Simplified Block Diagram 


BANDPASS 1 

as fouk 

017 50 
BAND 


PASS 2 
f 


Accuracy is enhanced by close matching of the internal 
components: the ratio of the clock frequency to the center 
frequency is typically accurate to +0.5%, and passband 
gain and stopband attenuation are guaranteed over the full 
temperature range. 


Features 

m@ Three bandpass filters with one-third octave center fre- 
quency spacing 

@ Choice of internal or external clock 

@ No external components other than clock or crystal and 
two capacitors 


Key Specifications 

@ Passband gain accuracy: Better than 0.7 dB over 
temperature 

@ Supply voltage range: +2V to +7.5V or +4V to +14V 


Applications 

@ Real-Time Audio. Analyzers (ANSI Type E, Class II) 
@ Acoustical Instrumentation 

@ Noise Testing 


OSCILLATOR , | 


k LEVEL SHIFTER 
(DIVIDER (+2) 


f CLK 
027 62.5 
BANDPASS 3 
P fotk 
03 ~~. 80 
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LMF380 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Total Supply Voltage —0.3V to + 16V 
Voltage at Any Pin V- —0.38VtoV+ + 0.3V 
Input Current per Pin (Note 3) +5mA 
Total Input Current (Note 3) +20 mA 
Lead Temperature (Soldering 10 sec.) 
Dual-In-Line Package (Plastic) 


Surface Mount Package (Note 4) 
Vapor Phase (60 seconds) 
Infrared (15 seconds) 


300°C 


215°C 
220°C 


500 mW 

150°C 

—65°C to + 150°C 
2000V 


Power Dissipation (Note 5) 
Maximum Junction Temperature 
Storage Temperature Range 
ESD Susceptibility (Note 6) 


Operating Ratings (note 1) 
Temperature Range 


LMF380CIN, LMF380CIV, 
LMF380ClJ 
LMF380CMJ 


Supply Voltage (V+ — V—) 
Clock Input Frequency 


TmIn < Ta < Tmax 


—~40°C < Ta < +85°C 
—55°C < Ta < +125°C 
4.0V to 14V 

10 Hz to 1.25 MHz 


Filter Electrical Characteristics the following specifications apply for V+ = +5V, V~ = —5V, and foLk 
= 320 kHz unless otherwise specified. Boldface limits apply for Tpqiy to Tagax; all other limits apply for Ta = Ty = 25°C. 


Symbol Parameter 


foLk:f01 Clock-to-Center-Frequency Ratio, Filter. 1 


foLk:fo2 Clock-to-Center-Frequency Ratio, Filter 2 
Clock-to-Center-Frequency Ratio, Filter 3 


Gain at fy = 3720 Hz (Filter 1), 
2960 Hz (Filter 2), 2340 Hz (Filter 3) 


Gain at fo = 6080 Hz (Filter 1), 
4820 Hz (Filter 2), 3820 Hz (Filter 3) 


Gain at fg = 6200 Hz (Filter 1), 
4960 Hz (Filter 2), 3940 Hz (Filter 3) 


Gain at fg = 6400 Hz (Filter 1), 
5080 Hz (Filter 2), 4040 Hz (Filter 3) 


Gain at fg = 6540 Hz (Filter 1), 
5180 Hz (Filter 2), 4120 Hz (Filter 3) 


Gain at fg = 6720 Hz (Filter 1), 
5340 Hz (Filter 2), 4240 Hz (Filter 3) 


Gain at f7 = 8900 Hz (Filter 1), 
7060 Hz (Filter 2), 5600 Hz (Filter 3) 


Output Offset Voltage, Each Filter 


fCLK:f03 
Aj 


A2 
A3 
A4 
As 
Ag 
A7 


Total Output Noise, OUT1 


Total Output Noise, OUT2 
Total Output Noise, OUT3 


Maximum Capacitive Load 
Crosstalk 
Clock Feedthrough, Each Filter 


VouT Output Voltage Swing 


THD Total Harmonic Distortion 


Is Supply Current 


Conditions 


0.1 Hz to 20 kHz 


Vin = 1 Vrms, f = 
Vt = +5V,V—- = —5V 
Ru = 5k 


Vin = 1 Vrms, f = 
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Units 
(Limit) 


Typical Limit 
(Note 7) (Note 8) 


7 
pe 
| ton 0.1 + 0.7 


(Note 9) dB (max) 


(Note 9) dB (max) 


(Note 9 : 


—0.0 + 0.7 dB (max) 


(Note 9) 


—0.2 + 0.7 dB (max) 


(Note 9) 


—0.1 + 0.7 dB (max) 


1 

A 

2 

it 
(Note 9) 


80 
+0 
—0 


—0.15 + 0.7 dB (max) 


(Note 9) dB (max) 


| 
() 


+ 
a 
(=) 


mV (max) 
mV (min) 


pVrms 


pF 
dB 
mVp.-p 


V (min) 
V (max) 


% 


| 
co) 
~“N 


fo 


o 


fo 
mA (max) 


L am 
[o>] 


Logic Input and Output Electrical Characteristics 
The following specifications for V+ = +5V and V- = —5V unless otherwise specified. Boldface limits apply for Tin to 
Trax; all other limits apply for Ty = Ty = +25°C. 


Tested 
Limit 
(Note 8) 


eos Typical 
Parameter Conditions (Note 7) 
XTAL1 Logical “1” 
CMOS Clock Logical “0” 


Input Voltage Logical “1” 


Logical “‘0” 


Logical “1” 
Logical ‘‘0”’ 


Logical “1” 
Logical ‘‘0” 


Clock Output Logical ‘1” louT = —1mA 
Clock Output Logical “‘0” louT = +1mA 


Input Current XTAL1 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. These ratings do not guarantee specific performance limits, however. For guaranteed specifications and test conditions, see the Electrical Characteris- 
tics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under 
the listed test conditions. 

Note 2: All voltages are measured with respect to GND unless otherwise specified. 

Note 3: When the input voltage (Vx) at any pin exceeds the power supplies (Vij < V~ or Vij > V+), the current at that pin should be limited to 5 mA. The 20 mA 
maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 

Note 4: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any volume of the Linear 
Data Book Rev. 1 for other methods of soldering surface mount devices. 

Note 5: The maximum power dissipation must be derated at elevated temperatures and is a function of Tjmax, @Ja, and the ambient temperature, Ta. The 
maximum allowable power dissipation at any temperature is Pp = (TJmax — Ta)/@ja or the number given in the Absolute Maximum Ratings, whichever is lower. 
For guaranteed operation, Tjmax = 125°C. The typical thermal resistance (0q) of the LMF380N when board-mounted is 51°C.W. Ja is typically 52°C/W for the 
LMF380J, and 86°C/W for the LMF380V. 

Note 6: Human body model, 100 pF discharged through a 1.5 k0. resistor. 

Note 7: Typicals are at Tj = 25°C and represent the most likely parametric norm. 

Note 8: Limits are guaranteed to National’s Averge Outgoing Quality Level (AOQL). 

Note 9: The nominal test frequencies are: f; = 0.58 fo, fo = 0.95 fo, fg = 0.98 fo, f4 = fo, fs = 1.02 fo, fg = 1.05 fo, and f7 = 1.39 fo. The actual test 
frequencies listed in the table may differ slightly from the nominal values. 
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Typical Performance Characteristics 


NEGATIVE SWING (V) POWER SUPPLY CURRENT (mA) 


OFFSET VOLTAGE (mV) 


Power Supply Current 
vs Power Supply Voltage 


POWER SUPPLY VOLTAGE (£V) 
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vs Load Resistance 
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vs Temperature 
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Connection Diagrams 
Dual-In-Line Package 


XTAL1 
XTAL2 
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TL/H/11123-2 
Top View 
Order Number LMF380ClJ, LMF380CMJ or LMF380CIN 
See NS Package Number J16A or Ni6E 
Plastic Chip Carrier Package 
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Order Number LMF380CIV 
See NS Package Number V20A 


Pin Description 

GND This is the analog ground reference for the 
LMF380. In split supply applications, GND 
should be connected to the system ground. 
When operating the LMF380 from a single 
positive power supply voltage, pin 1 should 
be connected to a “clean” reference volt- 
age midway between V+ and V-. 

N.C. These pins are not connected to the inter- 
nal circuitry. 


OUT1, OUT2, These are the outputs of the filters. 
OUTS3 


XTAL1 This is the crystal oscillator input pin. When: 


using the internal oscillator, the crystal 
should be tied between XTAL1 and XTAL2. 
XTAL1 also serves as the input for an exter- 
nal CMOS-level clock. 


This is the output of the internal crystal 
oscillator. When using the internal oscilla- 
tor, the crystal should be tied between 
XTAL1 and XTAL2. 

V~- This is the negative power supply pin. It 
should be bypassed with at least a 0.1 pF 
ceramic capacitor. For best results, a 


XTAL2 


1.0 wF to 10.0 wF tantalum capacitor 
should also be used. For single-supply op- 
eration, connect this pin to system ground. 


CLOCK OUT This is the clock output pin. It can drive the 
clock inputs (XTAL1) of additional LMF380s 
or other components. The clock output fre- 
quency is one-half the clock frequency at 
XTAL1. 

INPUT1, These are the signal inputs to the filters. 

INPUT2, 

INPUT3 

vt This is the positive power supply pin. It 


should be bypassed with at least a 0.1 wF 
ceramic capacitor. For best results, a 1.0 
BF to 10.0 wF tantalum capacitor should 
also be used. 


Functional Description 


The LMF380 contains three fourth-order Chebyshev band- 
pass filters whose center frequencies are spaced one-third 
of an octave apart, making it ideal for use in “real time” 
audio spectrum analysis applications. As with other 
switched-capacitor filters, the center frequencies are pro- 
portional to the clock frequency applied to the IC; the center 
frequencies of the LMF380’s three filters are located at 
foL_k/50, foLk/62.5, and fo. ,/80. 


The three filters in an LMF380 cover a full octave in fre- 
quency, so that by using several LMF380s with clock fre- 
quencies separated by a factor of 2n, a complex audio pro- 
gram can be analyzed for frequency content over a range of 
several octaves. To facilitate this, the CLK OUT pin of the 
LMF380 supplies an output clock signal whose frequency is 
one-half that of the incoming clock frequency. Therefore, a 
single clock source can provide the clock reference for all of 
the 30 filters (10LMF380s) in a real time analyzer that cov- 
ers the entire 10-octave audio frequency range. The 
LMF380 contains an internal clock oscillator that requires 
an external crystal and two capacitors to operate. Since the 
clock divider is on-board, only a single crystal is needed for 
the top-octave filter chip; the remaining devices can derive 
their clock signals from the master. If desired, an external 
oscillator can be used instead. 


Figure 1 shows the magnitude versus frequency curves for 
the three filters in the LMF380. Separate input and output 
pins are provided for the three internal filters. The input pins 
will normally be connected to a common signal source, but 
can also be connected to separate input signals when nec- 
essary. 


GAIN (dB) 


FREQUENCY (Hz) 


TL/H/11123-6 
FIGURE 1. Response curves for the three filters in the 
LMF380. The clock frequency is 250 kHz. 


O8esINT 


LMF380 


Applications Information 


POWER SUPPLIES 


The LMF380 can operate from a total supply voltage (V+ — 
V-) ranging from 4.0V up to 14V, but the choice of supply 
voltage can affect circuit performance. The IC depends on 
MOS switches for its operation. All such switches have in- 
herent “ON” resistances, which can cause small delays in 
charging internal capacitances. Increasing the supply volt- 
age reduces this “ON” resistance, which improves the ac- 
curacy of the filter in high-frequency applications. The maxi- 
mum practical center frequency improves by roughly 10% to 
20% when the supply voltage increases from 5V to 10V. 


Dynamic range is also affected by supply voltage. The maxi- 
mum signal voltage swing capability increases as supply 
voltage increases, so the dynamic range is greater with 
higher power supply voltages. It is therefore recommended 
that the supply voltage be kept near the maximum operating 
voltage when dynamic range and/or high-frequency per- 
formance are important. 


As with all switched-capacitor filters, each of the LMF380's 
power supply pins should be bypassed with a minimum of 
0.1 uF located close to the chip. An additional 1 pF to 
10 pF tantalum capacitor on each supply pin is recommend- 
ed for best results. 


Sampled-Data System 
Considerations 


CLOCK CIRCUITRY 


The LMF380’s clock input circuitry accepts an external 
CMOS-level clock signal at XTAL1, or can serve as a self- 
contained oscillator with the addition of an external 1 MHz 
crystal and two 30 pF capacitors (see Figure 3). 


The Clock Output pin provides a clock signal whose fre- 
quency is one-half that of the clock signal at XTAL1. This 
allows multiple LMF380s to operate from a single internal or 
external clock oscillator. 


CLOCK FREQUENCY LIMITATIONS 


The performance characteristics of a switched-capacitor fil- 
ter depend on the switching (clock) frequency. At very low 
clock frequencies (below 10 Hz), the time between clock 
cycles is relatively long, and small parasitic leakage currents 
cause the internal capacitors to discharge sufficiently to af- 
fect the filter’s offset voltage and gain. This effect becomes 
more pronounced at elevated operating temperatures. 


At higher clock frequencies, performance deviations are 
due primarily to the reduced time available for the internal 
operational amplifiers to settle. For this reason, when the 
filter clock is externally generated, care should be taken to 
ensure that the clock waveform’s duty cycle is as close to 
50% as possible, especially at high clock frequencies. 


OUTPUT STEPS 


Because the LMF380 uses switched-capacitor techniques, 
its performance differs in several ways from non-sampled 
(continuous) circuits. The analog signal at any input is sam- 
pled during each filter clock cycle, and since the output volt- 
age can change only once every clock cycle, the result is a 
discontinuous output signal. The output signal takes the 
form of a series of voltage ‘“‘steps”, as shown in Figure 2 for 
clock-to-center-frequency ratios of 50:1 and 100:1. 


100:1 


TL/H/11123-8 
FIGURE 2. Switched-Capacitor Filter Output Waveform. 
Note the sampling “steps”. 


ALIASING 


Another important characteristic of sampled-data systems is 
their effect on signals at frequencies greater than one-half 
the sampling frequency, fs. (The LMF380’s sampling fre- 
quency is the same as the filter clock frequency). If a signal 
with a frequency greater than one-half the sampling fre- 
quency is applied to the input of a sampled-data system, it 
will be “reflected” to a frequency less than one-half the 
sampling frequency. Thus, an input signal whose frequency 
is fg/2 + 10 Hz will cause the system to respond as though 
the input frequency was fs/2 — 10 Hz. If this frequency 
happens to be within the passband of the filter, it will appear 
at the filter’s output, even though it was not present in the 
input signal. This phenomenon is known as “‘aliasing”. Ali- 
asing can be reduced or eliminated by limiting the input sig- 
nal spectrum to less than fg/2. In some cases, it may be 
necessary to use a bandwidth-limiting filter (often a simple 
passive RC low-pass) between the signal source and the 
switched-capacitor filter’s input. In the application example 
shown in Figure 3, two LMF60 6th-order low-pass filters pro- 
vide anti-aliasing filtering. 


OFFSET VOLTAGE 


Switched-capacitor filters often have higher offset voltages 
than non-sampling filters with similar topologies. This is due 
to charge injection from the MOS switches into the sampling 
and integrating capacitors. The LMF380’s offset voltage 
ranges from a minimum of —30 mV to a maximum of 
+120 mV. 


NOISE 


Switched-capacitor filters have two kinds of noise at their 
outputs. There is a random, “thermal” noise component 
whose amplitude is typically on the order of 210 pV. The 
other kind of noise is digital clock feedthrough. This will 
have an amplitude in the vicinity of 10 mV peak-to-peak. In 
some applications, the clock noise frequency is so high 
compared to the signal frequency that it is unimportant. In 
other cases, clock noise may have to be removed from the 
output signal with, for example, a passive low-pass filter at 
the LMF380’s output (see Figure 4). 


INPUT IMPEDANCE 

The LMF380’s input pins are connected directly to the inter- 
nal biquad filter sections. The input impedance is purely ca- 
pacitive and is approximately 6.2 pF at each input pin, in- 
cluding package parasitics. 


Typical Applications 


= 


30 pF | 30 pF 
= 6 i> = 
= —a 
ri CN pe— 20 kHz BAND OUT 
apo a7 16 kHz BAND OUT 
Taw 12.5 kHz BAND OUT 


ri 


10 kHz BAND OUT 
8kHz BAND OUT 
6.25 kHz BAND OUT 


5 kHz BAND OUT 
4kHz BAND OUT 
3.13 kHz BAND OUT 


Har 


9 f,=2.5kHz | J 
7 ¢ ptaot- BS 2.5kHz BAND OUT 
el 3 Fp oH 77 2 kHz BAND OUT 
i oa fee J 156 kHz BAND OUT 


1.25 kHz BAND OUT 
1kHz BAND OUT 
781Hz BAND OUT 


iH 


EB 
l 


i 


i 


EB 
l 


625 Hz BAND OUT 
500 Hz BAND OUT 
391Hz BAND OUT 


313. Hz BAND OUT 
250 Hz BAND OUT 
195 Hz BAND OUT 


156 Hz BAND OUT 
125 Hz BAND OUT 
97.7 Hz BAND OUT 


LMF60-100 


78.1Hz BAND OUT 
62.5Hz BAND OUT 
48.8Hz BAND OUT 


39.1Hz BAND OUT 


poe 31.3Hz BAND OUT 
24.4Hz BAND OUT 


TL/H/11123-7 

FIGURE 3. Complete, one-third octave filter set for the entire audio frequency range. Ten LMF380s provide the thirty 
bandpass filters required for this function. Power supply connections and bypass capacitors are not shown. Pin 

numbers are for the dual-in-line package. 
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Typical Applications (Continued) 


THIRD-OCTAVE ANALYZER FILTER SET 


The circuit shown in Figure 3 uses the LMF380 to imple- 
ment a 1/-octave filter set for use in “real time” audio pro- 
gram analyzers. Ten LMF380s provide all of the bandpass 
filtering for the full audio frequency range. The power supply 
connections are not shown, but each power supply pin 
should be bypassed with a 0.1 »F ceramic capacitor in par- 
allel with a 1 »F tantalum capacitor. 


The first LMF380, at the top of Figure 3, handles the highest 
octave, with center frequencies of 20 kHz, 16 kHz, and 
12.6 kHz. It also contains the 1 MHz master clock oscillator 
for the entire system. Its Clock Out pin provides a 500 kHz 
clock for the second LMF380, which supplies 250 kHz to 
the third LMF380, and so on. 


If the audio input signal were applied to all of the LMF380 
input pins, aliasing might occur in the lower frequency filters 


due to audio components near their clock frequencies. For | 


example, the LMF380 at the bottom of Figure 3 has a clock 
frequency equal to 1.953125 kHz. An input signal at 
1.93 kHz will be aliased down to 23.125 Hz, which is near 
the band center of the 24.4 Hz bandpass filter and will ap- 
pear at the output of that filter. 


This problem is solved by two LMF60-100 6th order Butter- 
worth low-pass filters serving as anti-aliasing filters, as 
shown in Figure 3. The first LMF60-100 is connected to the 
input signal. The clock for this LMF60 is 250 kHz and comes 
from pin 10 of the second LMF380. The cutoff frequency is 
therefore 2.5 kHz. The output of this first LMF60-100 drives 
the inputs of the fifth, sixth, and seventh LMF380s. The sev- 
enth LMF380 has a 15.625 kHz clock, so aliasing will begin 
to become a problem around 15.2 kHz. With a sixth-order, 
2.5 kHz low-pass filter preceding this circuit, the attenuation 
at 15.2 kHz is theoretically about 94 dB, which prevents 
aliasing from occuring at this bandpass filter. 


The output of the first LMF60 also drives the input of the 
second LMF60, which provides anti-aliasing filtering for the 
three LMF380s that handle the lowest part of the audio fre- 
quency spectrum. 


Note that no anti-aliasing filtering is provided for the four 
LMF380s at the top of Figure 3. These devices will not en- 
counter aliasing problems for frequencies below about 
120 kHz; if higher input frequencies are expected, an addi- 
tional low-pass filter at Vijj may be required. 


DETECTORS 


In a real-time analyzer, the amplitude of the signal at the 
output of each filter is displayed, usually in “bar-graph” 
form. The AC signal at the output of each bandpass filter 
must be converted to a unipolar signal that is appropriate for 
driving the display circuit. 

The detector can take any of several forms. It can respond 
to the peaks of the input signal, to the average value, or to 
the rms value. The best type of detector depends on the 
application. For example, peak detectors are useful when 
monitoring audio program signals that are likely to overdrive 
an amplifier. Since the output of the peak detector is propor- 


tional to the peak signal voltage, it provides a good indica- 
tion of the voltage swing. Generally, the output of the peak 
detector must have a moderately fast (about 1 ms) attack 
time and a much slower (tens or hundreds of milliseconds) 
decay time. The actual attack and decay times depend on 
the expected application. An average detector responds to 
the average value of the rectified input signal and provides a 
good solution when measuring random noise. An average 
detector will normally respond relatively slowly to a rapid 
change in input amplitude. An rms detector gives an output 
that is proportional to signal power, and is therefore useful 
in many instrumentation applications, especially those that 
involve complex signals. 


Peak detectors and average-responding detectors require 
precision rectifiers to convert the bipolar input signal into a 
unipolar output. Half-wave rectifiers are relatively inexpen- 
sive, but respond to only one polarity of input signal; there- 
fore, they can potentially ignore information. Full-wave recti- 
fiers need more components, but respond to both polarities 
of input signal. Examples of half- and full-wave peak- and 
average-responding detectors are shown in Figure 4. The 
component values shown may need to be adjusted to meet 
the requirements of a particular application. For example, 
peak detector attack and decay times may be changed by 
changing the value of the “hold” capacitor. 


The input to each detector should be capacitively-coupled 
as shown in Figure 4. This prevents any errors due to volt- 
age offsets in the preceding circuitry. The cutoff frequency 
of the resulting high-pass filter should be less than half the 
center frequency of the band of interest. 


Note that a passive low-pass filter is shown at the input to 
each detector in Figure 4. These filters attenuate any clock- 
frequency signals at the outputs of the third-octave 
switched-capacitor filters. The typical clock feedthrough at a 
filter output is 10 mV rms, or 40 dB down from a nominal 
1 Vrms signal amplitude. When more than 40 dB dynamic 
range is needed, a passive low-pass filter with a cutoff fre- 
quency about three times the center frequency of the band- 
pass will attenuate the clock feedthrough by about 24 dB, 
yielding about 64 dB dynamic range. The component values 
shown produce a cutoff frequency of 1 kHz; changing the 
capacitor value will alter the cutoff frequency in inverse pro- 
portion to the capacitance. 


The offset voltage of the operational amplifier used in the 
detector will also affect the detector’s dynamic range. The 
LF353 used in the circuits in Figure 3 is appropriate for sys- 
tems requiring up to 40 dB dynamic range. 


DISPLAYS 


The output of the detector will drive the input of the display 
circuit. An example of an LED display driver using the 
LM3915 is shown in Figure 5. The LM3915 drives 10 LEDs 
with 3 dB steps between LEDs; the total display range for an 
LM3915 is therefore 27 dB. Two LM3915s can be cascaded 
to yield a total range of 57 dB. See the LM3915 data sheet 
for more information. 


Typical Applications (continued) 
(a) (b) 


100 kN 


1/2 LF353 


TL/H/11123-9 


TL/H/11123-10 


(c) 


100 kX 1% 


ibe 


1/2 LF353 


200k. 1% 


TL/H/11123-11 


ee 


1/2 LF353 


200k. 1% 


1/2 LF353 


TL/H/11123-12 
FIGURE 4. Examples of detectors for audio signals. (a) Half-wave peak detector. (b) Half-wave average detector. 
(c) Full-wave peak detector. (d) Full-wave average detector. All diodes are 1N914 or 1N4148, Input RC low-pass filters 
attenuate clock noise from switched-capacitor filters; values shown are for 1 kHz cutoff frequency. Cy should be at 
least 0.27 uF for frequency bands below 50 Hz and 0.1 MF for higher frequencies. Power supplies (not shown) should 
be bypassed with at least 0.1 uF close to the amplifiers. 
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Typical Applications (continued) 


+5V 


2.2 wF Tantalum + 
or 10 pF Aluminum 
electrolytic 


FIGURE 5. LED display using LM3915 bar graph driver. The input voltage range is 2V full-scale, with 3 dB per step. 
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CA National 
Semiconductor 


LMF40 High Performance 4th-Order 
Switched-Capacitor Butterworth Low-Pass Filter 


General Description _ Features 


The LMF40 is a versatile, easy to use, precision 4th-order Cutoff frequency range of 0.1 Hz to 40 kHz 
Butterworth low-pass filter fabricated using National’s high Cutoff frequency accuracy of +1.0%, maximum 
performance LMCMOS process. Switched-capacitor tech- Low offset voltage, +100 mV, maximum, +5V supply 
niques eliminate external component requirements and al- Low clock feedthrough of 5 mVp.p, typical 
frequency tothe low-pass eu requency enteral; ext Dynamic range of 88 dB, typical 
q - i : 

to 50-to-1 (LMF40-50) or 100-to-1 (LMF40-100). A Schmitt No external components required 
trigger clock input stage allows two clocking options, either 8-pin mini-DIP or 14-pin wide-body small-outline pack- 
self-clocking (via an external resistor and capacitor) for ages ' ; 
stand-alone applications, or for tighter cutoff frequency con- @ 4V to 14V single/dual supply operation 
trol, an external TTL or CMOS logic compatible clock can ™@ Cutoff frequency set by external or internal clock 
be applied. The maximally flat passband frequency re- 4 Pin-compatible with MF4 
sponse together with a DC gain of 1 V/V allows cascading 
LMF40 sections together for higher-order filtering. Applications 

@ Communication systems 

@ Instrumentation 

@ Automated control systems 


Block and Connection Diagrams 


FILTER OUT 


Dual-In-Line Package 


ay, 
CLK IN—H1 8} —fILTER 
4TH ORDER CLK R—=U2 ie 
BUTTERWORTH L. Sh—3 6 F—AGND 
LOWPASS FILTER FILTER 
fie - J. 
_ TL/H/10557-2 
Top View 


TRI=STATE® 
BUFFER 


Small-Outline-Wide-Body Package 


CLKR L. Sh 


*Pin numbers in parentheses are for the 14-pin package PER ORE 4 


Ordering Information 


|_LMFAOCIN-50, LMF40GIN-100_ [| NOBE | 
|_Miltary(=856 <Ta< +128) [| 


TL/H/10557-3 


Top View 
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Absolute Maximum Ratings 
(Notes 1 & 2) 


If Military/Aerospace specified devices are required, Lead Temperature a 

please contact the National Semiconductor Sales N Package, Soldering (10 sec.) + 260°C 

Office/Distributors for availability and specifications. J Package, Soldering (10 sec.) +300°C 

Supply Voltage (V+ -V-) 15V WM Package, Vapor Phase (60 sec.) (Note 16) +215°C 

Voltage at Any Pin V- —0.2VtoV+ + 0.2V oe ioe ads a sec.) = Bae 
: usceptibility (Note 

Input Current at Any Pin (Note 13) 5mA Pin 1 CLK IN 4700V 

Package Input Current (Note 13) 20mA 

Power Dissipation (Note 14) 500 mW Operating Ratings (Notes 1 & 2) 

Storage Temperature —65°Cto + 150°C =. Temperature Range Twin < Ta < Tmax 


LMF40CIN-50, LMF40CIN-100 —40°C < Ta < +85°C 
LMF40ClJ-50, LMF40ClJ-100 

LMF40CIWM-50, 

LMF40CIWM-100 

LMF40CMJ-50, LMF40CMJ-100 —55°C < Ta < +125°C 


Supply Voltage Range (Vt — V~) 4V to 14V 


Filter Electrical Characteristics 
The following specifications apply for foLK = 500 kHz. Boldface limits apply for Ta = Ty = Tin to Tmax: All other limits Ta 


=> Ty = 25°C. 
* Typical Limits | 
. Conditions (Note 10) (Note 11) 


5V 


Vt+=+5V,V-=- 
Supply Current CMJ 3.5/7.0 
CIN, ClJ, CIWM 3.5/5.0 
DC Gain Resource < 2 ko + 0.05 / + 0.05 
—0.15/ —0.20 


Units 
(Limit) 


Clock Frequency Range 
(Note 17) 
Hz (min) 
MHz (max) 


dB (max) 
dB (min) 


foik/fe Clock to Cutoff 
Frequency Ratio 
(Note 3) 
LMF40-50 ‘49.80 + 0.8% / 49.80 + 1.0% 
LMF40-100 99.00 + 0.8% / 99.00 + 1.0% 


Afcik/fe/AT | Clock to Cutoff Frequency 
Ratio Temperature 


Coefficient 


LMF40-50 
LMF40-100 


Stopband Attenuation 


5 
5 


dB (min) 
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Filter Electrical Characteristics (continuea) 
The following specifications apply for fo. x = 500 kHz. Boldface limits apply for Ta = Ty = Twin to Tax: All other limits Ta 
= Ty = 25°C. 


Parninelar Typical Limits Units 
(Note 10) (Note 11) (Limit) 


Vt = +5V, V- = —5V (Continued) 


Unadjusted DC 
Offset Voltage 
LMF40-50 +80/ +100 
LMF40-100 +80/ +100 
Output Swing Ri = 5ko, +3.9/+3.7 
—4.2/ —4.0 
Output Short Circuit Source 
Current (Note 8) Sink 
Dynamic Range 88 
(Note 4) 
Additional Magnitude 


Response Test Points 
(Note 6) 


Vos 


mV (max) 
mV (max) 
V (min) 
V (max) 


Isc 


—7.50 £0.26 / —7.50 +0.30 
—1.46 +0.12/ —1.46 +0.16 


fin = 9 kHz 
—7.15 £0.26/ —7.15 +0.30 


LMF40-100 fin = 6 kHz 
fin = 4.5 kHz —1.42 +0.12/ —1.42 +0.16 
Clock Feedthrough Filter Output 
Vin = OV 


Filter Electrical Character istiCS The following specifications apply for fo_k = 250 kHz. Boldface limits 
apply for Ta = Ty = Twin to Tax: All other limits Ta = Ty = 25°C. 


Sie 


LMF40-50 dB (max) 


dB (max) 
dB (max) 
dB (max) 


fin = 12 kHz 


mVp_p 


Units 
(Limit) 


Clock Frequency Range 
(Note 17) 


foLk 


Hz (min) 
MHz (max) 

Supply Current CMJ 2.1/4.0 mA (max) 
CIN, Clu, CIWM 2.1/3.0 mA (max) 


dB (max) 
dB (min) 


DC Gain Rs < 2ka +0.05/ +0.05 
fo_k = 250 kHz —0.15/ —0.20 
fax=sooKHz | -o1 | 


foik/fe Clock to Cutoff 
Frequency Ratio 
LMF40-50 foLk = 250 kHz 49.80 +0.8% 


fotk = 500 kHz 49.80 
+0.6% 


fcuk = 250kHz | =| 99.00 + 1.0% / 99.00 + 1.2% 


LMF40-100 
(Note 3) 


(max) 
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Filter Electrical Characteristics (Continued) 
The following specifications apply for fc_K = 250 kHz. Boldface limits apply for Ta = Ty = Twin to Tyax: All other limits Ta 
= Ty = 25°C. 


oY, Typical - Limits 
t ‘ 
Parameter Conditions (Note 10) (Note 11) 


V+ = +2.5V, V— = —2.5V (Continued) 
Afcik/fe/AT | Clock to Cutoff 


Units 
(Limit) 


Frequency Ratio 
Temperature Coefficient 
LMF40-50 ppm/°C 
LMF40-100 ppm/°C 
AmIN Stopband Attenuation dB (min) 
Vos Unadjusted DC 
Offset Voltage 
LMF40-50 +80/ +100 mV (max) 
LMF40-100 +80/ +100 mV (max) 


Vo Output Swing RL = 5k +1.4/ + 1.2 V (min) 
—2.0/ —1.8 V (max) 
Isc Output Short Circuit Source 42 mA 
Current (Note 8) Sink 0.9 mA 
Dynamic Range 
(Note 4) ee ee eee wi 


Additional Magnitude Response 
—7.50 +0.26/ —7.50 +0.30 
—1.46 +0.12/ —1.46 +0.16 


Test Points (Note 6) 
—7.15 +0.26/ —7.15 +0.30 


LMF40-50 dB (max) 


dB (max) 


fin = 6 kHz 
fin = 4.5 kHz 


fin = 3 kHz dB (max) 
fin = 2.25 kHz —1.42 +0.12/ —1.42 +0.16 | dB (max) 


Clock Feedthrough Filter Output mV 
Vin = OV BOF 


Logic Input-Output CharacteristiCs The following specifications apply for V- = OV unless otherwise 
specified. Boldface limits apply for Ta = Ty = Twin to Tmax: all other limits Ta = Ty = 25°C. 


Typical Limits Units 
gi parameter | contre | (Note 10) (Note 11) (Limit 


TTL CLOCK INPUT, CLK R PIN (Note 9) 
TTL CLK R Pin Input Voltage 


LMF40-100 


2.0/2.1 
0.8 / 0.8 


Logic ‘‘1” 
Logic ‘‘0” 


CLK R Input Voltage 


2.0 / 2.0 
0.6 / 0.4 


Logic “1” 
Logic ‘‘0” 
Maximum Leakage Current 
at CLK R Pin 


SCHMITT TRIGGER 


Positive Going Input 
Threshold Voltage 
CLK IN Pin 


3.0/2.9 
4.3 / 4.4 
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SCHMITT TRIGGER (Continued) 


Logic Input-Output Characteristics (Continued) The following specifications apply for V- = OV unless 
otherwise specified. Boldface limits apply for Ta = Ty = Twn to Twa: all other limits Ta = Ty = 25°C. 


Limits 
(Note 11) 


Typical 
(Note 10) 


1.4/1.3 
3.8/3.9 


0.7 / 0.6 
1.9/2.0 


2.3/2.1 
74/76 


1.1/0.9 
3.6/3.8 


Negative Going Input 
Threshold Voltage 
CLK IN Pin 


Hysteresis CLK IN Pin 


Logical “1” Output lo = —10 pA 
Voltage CLK R V+ = +10V 9.1/9.0 
Pin Vt = +5V 4.6/4.5 


Logical ‘‘0” Output 
Voltage CLK R 
Pin 


Output Source Current 
CLK R Pin 


lo = —10 pA 
V+ = +10V 0.9/ 1.0 


0.4/0.5 


CLK R to V- 
V+ = +40V 


4.9/3.7 
1.6/ 1.2 


Output Sink Current 
CLK R Pin 


4.9/3.7 mA (min) 
1.6/ 1.2 mA (min) 
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating range. 

Note 2: All voltages are specified with respect to ground. 

Note 3: The filter's cutoff frequency is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 


Note 4: For +5V supplies the dynamic range is referenced to 2.62 V;ms (3.7V peak) where the wideband noise over a 20 kHz bandwidth is typically 100 L-Vims for 
the LMF40. For +2.5V supplies the dynamic range is referenced to 0.849 Vims (1.2V peak) where the wideband noise over a 20 kHz bandwidth is typically 
75 pVims for the LMF40. 

Note 5: The specifications for the LMF40 have been given for a clock frequency (fc_x) of 500 kHz at +5V and 250 kHz at +2.5V. Above this clock frequency the 
cutoff frequency begins to deviate from the specified error band of +0.8% over the temperature range, but the filter still maintains its magnitude characteristics. 
See Application Information, Section 1.4. 


Note 6: The filter's magnitude response is tested at the cutoff frequency, fc, fg = 2 fc, and at these other two additional frequencies. 


Note 7: For simplicity all logic levels have been referenced to V- = OV (except for the TTL input logic levels). The logic levels will scale accordingly for +5V and 
+2.5V supplies. 


Note 8: The short circuit source current is measured by forcing the output that is being tested to its maximum Positive swing and then shorting that output to the 
negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage and then shorting that output 
to the positive supply. These are worst case conditions. 


Note 9: The LMF40 is operated with symmetrical supplies and L. Sh. is tied to ground. 
Note 10: Typicals are at Ty = 25°C and represent the most likely parametric norm. 
Note 11: Guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 12: Human body model; 100 pF discharged through a 1.5 kQ. resistor. 


Note 13: When the input voltage (Vij) at any pin exceeds the power supply voltages (Vin < V~ or Vin > V+) the absolute value of the current at that pin should 
be limited to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply voltages with 5 mA current limit to four. 
Note 14: The maximum power dissipation must be de-rated at elevated temperatures and is dictated by Tymay, 93a, and the ambient temperature Ta. The 
maximum allowable power dissipation is PD = (Tymax — Ta)/OJq or the number given in the Absolute Maximum Ratings, whichever is lower. For the LMF40, 
TJmaAx = 125°C, and the typical junction-to-ambient thermal resistance, when board mounted, is 67°C/W for the LMF4OCIN, 62°C/W for the LMF40ClJ and 
LMF40CMuJ, and 78°C/W for the LMC40CIWM. 

Note 15: In popular usage the term cutoff frequency defines that frequency at which a filter’s gain drops 3.01 dB below its DC value. Equations (2) and (3) and 
design example 2.1, however, use the term cutoff frequency (fp) to define that frequency at which a filter’s gain drops by a variable amount as determined from the 
given design specifications. 

Note 16: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount devices or see the section 
titled “Surface Mount” in the Linear Data Book. 


Note 17: The nominal ratio of the clock frequency to the low-pass cutoff frequency is internally set to 50-to-1 (LMF40-50) or 100-to-1 (LMF40-100). 
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Typical Performance Characteristics 


fc_k/fe Deviation fcoik/fc Deviation fc_k/fe Deviation 
vs Power Supply Voltage vs Temperature vs Clock Frequency 
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Typical Performance Characteristics (continued) 


Power Supply Current Power Supply Current Positive Voltage Swing 
vs Power Supply Voltage vs Temperature vs Power Supply Voltage 
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Pin Descriptions 
(Numbers in (_) are for 14-pin package). 
Pin Pin 
# Name 
1 CLK IN A CMOS Schmitt-trigger input 
(1) to be used with an external 
CMOS logic level clock. Also 
used for self clocking Schmitt- 
trigger oscillator (see Section 
1.1). 
2 CLK R A TTL logic level clock input 
(3) when in split supply operation 
(+2.0V to +7V) with L. Sh 
tied to system ground. This pin 
becomes a low impedance 
output when L. Sh is tied to 
V—. Also used in conjunction 
with the CLK IN pin for a self 
clocking Schmitt-trigger 
oscillator (see Section 1.1). 
The TTL input signal must not 
exceed the supply voltages by 
more than 0.2V. 
3 L. Sh Level shift pin; selects the 
(5) logic threshold levels for the 
clock. When tied to V7~ it 
enables an internal TRI- 
STATE® buffer stage between 
the Schmitt trigger and the 
internal clock level shift stage 
thus enabling the CLK IN 
Schmitt-trigger input and 
making the CLK R pin a low 
impedance output. When the 
voltage level at this input 
exceeds 25% (Vt —V-) + 
V— the internal TRI-STATE 
buffer is disabled allowing the 
CLK R pin to become the 
clock input for the internal 
clock level-shift stage. The 
CLK R threshold level is now 
2V above the voltage on the L. 
Sh pin. The CLK R pin will be 
compatible with TTL logic 
levels when the LMF40 is 
operated on split supplies with 
the L. Sh pin connected to 
system ground. 
5 FILTER The output of the low-pass 
(8) OUT filter. 
6 AGND The analog ground pin. This 
(10) pin sets the DC bias level for 
the filter section and must be 
tied to the system ground for 
split supply operation or to 
mid-supply for single supply 
operation (see Section 1.2). 
When tied to mid-supply this 
pin should be well bypassed. 


Function 


0 mle Function 
# Name 
7,4 Vt,V—- The positive and negative 
(7, 12) supply pins. The total power 
_ supply range is 4V, to 14V. 
Decoupling these pins with 
0.1 uF capacitors is highly 
recommended. 
8 FILTER The input to the low-pass filter. 
(14) IN To minimize gain errors the 


source impedance that drives 
this input should be less than 
2k (see Section 3). For single 
supply operation the input 
signal must be biased to mid- 
supply or AC coupled through 
a capacitor. 


1.0 LMF40 Application Information 


The LMF40 is a non-inverting unity gain low-pass fourth-or- 
der Butterworth switched-capacitor filter. The switched-ca- 
pacitor topology makes the cutoff frequency (where the gain 
drops 3.01 dB below the DC gain) a direct ratio (100:1 or 
50:1) of the clock frequency supplied to the filter. Internal 
integrator time constants set the filter’s cutoff frequency. 
The resistive element of these integrators is actually a ca- 
pacitor which is “switched” at the clock frequency (for a 
detailed discussion see Input Impedance section). Varying 
the clock frequency changes the value of this resistive ele- 
ment and thus the time constant of the integrators. The 
clock-to-cutoff-frequency ratio (foLk/fc) is set by the ratio of 
the input and feedback capacitors in the integrators. The 
higher the clock-to-cutoff-frequency ratio the closer this ap- 
proximation is to the theoretical Butterworth response. 


1.1 CLOCK INPUTS 

The LMF40 has a Schmitt-trigger inverting buffer which can 
be used to construct a simple R/C oscillator. Pin 3 is con- 
nected to V—, making Pin 2 a low impedance output. The 
oscillator’s frequency is nominally 


1 


on nein WE) G2] 
Voc — Vit Vi- (1) 


which is typically 


; 
fax =—— 
CLK "1.37 RC (1a) 
for Vcc = 10V. 


Note that fo. is dependent on the buffer’s threshold levels 
as well as the resistor/capacitor tolerance (see Figure 7). 
Schmitt-trigger threshold voltage levels can change signifi- 
cantly causing the R/C oscillator’s frequency to vary greatly 
from part to part. 


Where accurate cutoff frequency is required, an external 
clock can be used to drive the CLK R input of the LMF40. 
This input is TTL logic level compatible and also presents a 
very light load to the external clock source (~ 2 pA). With 
split supplies and the level shift (L. Sh) tied to system 
ground, the logic level is about 2V. (See the Pin Description 
for L. Sh). 


1.2 POWER SUPPLY 


The LMF40 can be powered from a single supply or split 
supplies. The split supply mode shown in Figure 2 is the 
most flexible and easiest to implement. Supply voltages of 
+5V to +7V enable the use of TTL or CMOS clock logic 
levels. Figure 3 shows AGND resistor-biased to V+ /2 for 
single supply operation. In this mode only CMOS clock logic 
levels can be used, and input signals should be capacitor- 
coupled or biased near mid-supply. 


1.3 INPUT IMPEDANCE 


The LMF40 low-pass filter input (FILTER IN) is not a high 
impedance buffer input. This input is a switched-capacitor 
resistor equivalent, and its effective impedance is inversely 
proportional to the clock frequency. The equivalent circuit of 
the filter’s input can be seen in Figure 4. The input capacitor 
charges to Vij during the first half of the clock period; dur- 
ing the second half the charge is transferred to the feed- 
back capacitor. The total transfer of charge in one clock 
cycle is therefore Q = Cyy Vjn, and since current is defined 
as the flow of charge per unit time, the average input current 
becomes 


lin = Q/T 
(where T equals one clock period) or 
Cin Vin 
lIN AVE = = Cin Vin foi 


The equivalent input resistor (Rij) then can be expressed 
as 


|: Me! 
lin Cin fotk 

The input capacitor is 2 pF for the LMF40-50 and 1 pF for 
the LMF40-100, so for the LMF40-100 


Ry — 1X 1012 _ 1x 1012 _ 1x 1010 
IN” fei‘ fe X 100 fo 


and 


R _5x1011 5x 1011 1 x 1010 
ss foLk fe X 50 fo 

for the LMF40-50. The above equation shows that for a 

given cutoff frequency (f,), the input resistance of the 

LMF40-50 is the same as that of the LMF40-100. The high- 

er the clock-to-cutoff-frequency ratio, the greater equivalent 

input resistance for a given clock frequency. 


This input resistance will form a voltage divider with the 
source impedance (Rgource). Since Rij is inversely propor- 
tional to the cutoff frequency, operation at higher cutoff fre- 
quencies will be more likely to attenuate the input signal 
which would appear as an overall decrease in gain to the 
output of the filter. Since the filter's ideal gain is unity, the 
overall gain is given by: 


Rin 


Rin + Resource 
If the LMF40-50 or the LMF40-100 were set up for a cutoff 
frequency of 10 kHz the input impedance would be: 


Ay = 


1.0 LMF40 Application Information (Continued) 


As an example, with a source impedance of 10 kQ the over 
all gain would be: : 


_1Mo 
10k + 1MQ 


Since the maximum overall gain error for the LMF40 is 
+0.05, —0.15 dB @ 25°C with Rg < 2 kQ the actual gain 
error for this case would be —0.04 dB to —0.24 dB. 


1.4 CUTOFF FREQUENCY RANGE 


The filter's cutoff frequency (f.) has a lower limit due to 
leakage currents through the internal switches draining the 
charge stored on the capacitors. At lower clock frequencies 
these leakage currents can cause millivolts of error. For ex- 
ample: 
fotk = 100 Hz, lLeakage = 1pA,C = 1 pF 
_ 1pA 

1 pF (100 Hz) 
The propagation delay in the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors limit 
the filter's accuracy at high clock frequencies. The ampli- 
tude characteristic on +5V supplies will typically stay flat 
until f¢Lk exceeds 1.5 MHz and then peak at about 0.1 dB 
at the corner frequency with a 2 MHz clock. As supply volt- 
age drops to +2.5V, a shift in the foLK/fe ratio occurs which 
will become noticeable when the clock frequency exceeds 
500 kHz. The response of the LMF40 is still a good approxi- 
mation of the ideal Butterworth low-pass characteristic 
shown in Figure 5. 


2.0 Designing with the LMF40 


Given any low-pass filter specification, two equations will 
come in handy in trying to determine whether the LMF40 will 
do the job. The first equation determines the order of the 
low-pass filter required to meet a given response specifica- 
tion: 


Av = 0.99009 or —0.086 dB 


= 10 mV 


, = 109 [(101Amin — 4)7(10°-1Amax — 4)] 

2 log (fs/fp) (2) 
where n is the order of the filter, Amin is the minimum stop- 
band attenuation (in dB) desired at frequency fs, and Amax iS 
the passband ripple or attenuation (in dB) at cutoff frequen- 
cy fp (Note 15). If the result of this equation is greater than 
4, more than one LMF40 will be required. 


The attenuation at any frequency can be found by the fol- 
lowing equation: 

Attn (f) = 10 log [1 + (10°-tAmax — 1)(f/f,)2n]aB (3) 
where n = 4 for the LMF40. 


2.1 A LOW-PASS DESIGN EXAMPLE 


Suppose the amplitude response specification in Figure 6 is 
given. Can the LMF40 be used? The order of the Butter- 
worth approximation will have to be determined using (1): 


Amin = 18 dB, Amax = 1.0 dB, fg = 2 kHz, and fy = 1 kHz 
At log[(101-8 — 1)/(100.1 — 4)] 

2 log(2) 
Since n can only take on integer values, n = 4. Therefore 


the LMF40 can be used. In general, if nis 4 or less a single 
LMF40 can be utilized. 


= 3.95 
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Likewise, the attenuation at fs can be found using (3) with 
the above values and n = 4: 


Attn (2 kHz) = 10 log[1 + 109-1 — 1) (2 kHz/1 kHz)8] 
= 18.28 dB 


This result also meets the design specification given in Fig- 
ure 6 again verifying that a single LMF40 section will be 
adequate. 


Since the LMF40’s cutoff frequency (f,), which corresponds 
to a gain attenuation of —3.01 dB, was not specified in this 
example, it needs to be calculated. Solving equation (3) 
where f = fc as follows: 


400.1(3.01 dB) — 4 
fe = fo] “Gqq0-TAmax — 1) 


400.301 — {|e 
. 100.1 — 4 
1.184 kHz 


where fo = foi /50 or foLK/100. To implement this exam- 
ple for the LMF40-50 the clock frequency will have to be set 
to fo_k = 50(1.184 kHz) = 59.2 kHz, or for the LMF40-100, 
foLk = 100 (1.184 kHz) = 118.4 kHz. 


2.2 CASCADING LMF40s 


When a steeper stopband attenuation rate is required, two 
LMF40s can be cascaded (Figure 7) yielding an 8th order 
slope of 48 dB per octave. Because the LMF40 is a Butter- 
worth filter and therefore has no ripple in its passband, 
when LMF40s are cascaded the resulting filter also has no 
ripple in its passband. Likewise the DC and passband gains 
will remain at 1V/V. The resulting response is shown in Fig- 
ure 8a. 

In determining whether the cascaded LMF40s will yield a 
filter that will meet a particular amplitude response specifi- 
cation, as above, equations (4) and (5) can be used, shown 
below. 


4/(2n) 


ll 


1 kt | 


I 


a log[(10,0-05Amin — 1)/(100.05Amax — 4)] 
2 log(fs/fp) (4) 
Attn (f) = 10 log [1 +.(10°-05Amax — 4) (f/f,)210B (5) 
where n = 4 (the order of each filter). 
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2.0 Designing with the LMF40 (continuea). 


FIGURE 1. Schmitt Trigger R/C Oscillator 


Equation (4) will determine whether the order of the filter is 
adequate (n < 4) while equation (5) can determine the actu- 
al stopband attenuation and cutoff frequency (f-) necessary 
to obtain the desired frequency response. The design pro- 
cedure would be identical to the one shown in Section 2.0. 


2.3 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 


The LMF40 responds well to an instantaneous change in 
clock frequency. If the control signal in Figure 9 is low the 
LMF40-50 has a 100 kHz clock making fe = 2 kHz; when 
this signal goes high the clock frequency changes to 50 kHz 
yielding fp = 1 kHz. As Figure 9 illustrates, the output signal 
changes quickly and smoothly in response to a sudden 
change in clock frequency. 


The step response of the LMF40 in Figure 70 is dependent 
on fc. The LMF40 responds as a classical fourth-order But- 
terworth low-pass filter. 


2.4 ALIASING CONSIDERATIONS 


Aliasing effects have to be considered when input signal 
frequencies exceed half the sampling rate. For the LMF40 
this equals half the clock frequency (fc_k). When the input 
signal contains a component at a frequency higher than half 
the clock frequency fco_K/2, as in Figure 11a, that compo- 
nent will be “reflected” about fco_«/2 into the frequency 
range below fc_k/2, as in Figure 176. If this component is 
within the passband of the filter and of large enough ampli- 
tude it can cause problems. Therefore, if frequency compo- 
nents in the input signal exceed f,, ,./2 they must be attenu- 
ated before being applied to the LMF40 input. The neces- 
sary amount of attenuation will vary depending on system 
requirements. In critical applications the signal components 
above fo_k/2 will have to be attenuated at least to the fil- 
ter’s residual noise level. 
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2.0 Designing with the LMF40 (continued) 


ViH 2 0.8 Voc 
Vit < 0.2 Veco 
Voc = Vt — V- 


TL/H/10557-8 TL/H/10557-9 


FIGURE 2. Split Supply Operation with CMOS Level Clock (a), and TTL Level Clock (b) 


ov CLK IN FILTER IN 


: TL/H/10557-10 
FIGURE 3. Single Supply Operation. AGND Resistor Biased to V+ /2 
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1 AGND “IN fcuk tAGND 
TL/H/10557-11 TL/H/10557-12 
a) Equivalent Circuit for LMF40 Filter Input b) Actual Circuit for LMF40 Filter Input 


FIGURE 4. LMF40 Filter Input 
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2.0 Designing with the LMF 40 (continuea) 
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FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 
TL/H/10557-13 TL/H/10557-14 TL/H/10557-15 
FIGURE 5a. LMF40-100 Amplitude FIGURE 5b. LMF40-50 Amplitude FIGURE 5c. LMF40-100 Amplitude 
Response with +5V Supplies Response with + 5V Supplies Response with + 2.5V Supplies 
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FIGURE 5d. LMF40-50 Amplitude 
Response with + 2.5V Supplies 
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TL/H/10557-17 
FIGURE 6. Design Example Magnitude Response 
Specification. The response of the filter design 
must fall within the shaded area of the specification. 
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2.0 Designing with the LMF40 (continuea) 


MAGNITUDE (dB) 


FREQUENCY (Hz) 


FIGURE 8a. One LMF40-50 
vs Two LMF40-50s Cascaded 


BUH TT 


IN = 1.4 kHz 


TL/H/10557-20 
FIGURE 9. LMF40-50 Abrupt Clock Frequency Change 
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FIGURE 8b. Phase Response 
of Two Cascaded LMF40-50s 


fin = 250Hz — fork = 100 kHz 


TL/H/10557-21 
FIGURE 10. LMF40-50 Input Step Response 
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2.0 Designing with the LMF40 (continuea) 


AMPLITUDE 
AMPLITUDE 


ts WS a - SS As af 
2 2 2 2 
FREQUENCY FREQUENCY 
TL/H/10557-22 TL/H/10557-23 
(a) Input Signal Spectrum (b)Output Signal Spectrum. Note that the input signal at 
f,/2 + f causes an output signal to appear at f,/2 — f. 


FIGURE 11. The phenomenon of aliasing in sampled-data systems. An input signal whose 
frequency is greater than one-half the sampling frequency will cause an output to appear 
at a frequency lower than one-half the sampling frequency. In the LMF40, fs = fcLk: 


408 


National 


GA Semiconductor 


LMF60 High Performance 
6th-Order Switched Capacitor 
Butterworth Lowpass Filter 


General Description Features 


The LMF60 is a high performance, precision, 6th-order But- ™@ Cutoff frequency range of 0.1 Hz to 30 kHz 
terworth lowpass active filter. It is fabricated using Nation- @ Cutoff frequency accuracy of +1.0%, maximum 
al’s LMCMOS process, an improved silicon-gate CMOS pro- —_w Low offset voltage +100 mV, maximum, +5V supply 
cess specifically designed for analog products. Switched- ® Low clock feedthrough of 10 mVp-p, typical 
capacitor techniques eliminate external component require- @ Dynamic range of 88 dB, typical 
ments and allow a clock-tunable cutoff frequency. The ratio m Two uncommitted op amps available 
of the clock frequency to the low-pass cutoff frequency is 2 
internally set to 50:1 (LMF60-50) or 100:1 (LMF60-100). A __'@ No external components required 
Schmitt trigger clock input stage allows two clocking op- ™@ 14-pin DIP or 14-pin wide-body S.O. package 
tions, either self-clocking (via an external resistor and ca- ‘@ Single/Dual Supply Operation: 
pacitor) for stand-alone applications, or for tighter cutoff fre- +4V to +14V (+2V to +7V) 
quency control, a TTL or CMOS logic compatible clock can ™ Cutoff frequency set by external or internal clock 
be directly applied. The maximally flat passband frequency Pin-compatible with the MF6 
response together with a DC gain of 1V/V allows cascading 
 LMF60 sections for higher-order filtering. In addition to the Applications 
filter, two independent CMOS op amps are included on the & Communication systems 
die and are useful for any general signal conditioning appli- ape 
‘ pic a . ‘ @ Audio filtering 
cations. The LMF60 is pin- and functionally-compatible with pone Be 
the MF6, but provides improved performance. @ Anti-alias filtering : 
@ Data acquisition noise filtering 


@ Instrumentation 
@ High-order tracking filters 


Block and Connection Diagrams 


All Packages 


3 


TL/H/9294-2 


Top View 


Order Number LMF60ClJ-50, 
L_JW.tnve LMF60CIJ-100, LMF60CMJ-50 
or LMF60CMJ-100 
See NS Package Number J14A 


Order Number LMF60CIWM-50 
or LMF60CIWM-100 
TLfaee4—1 See NS Package Number M14B 


Order Number LMF60CIN-50 
or LMF60CIN-100 
See NS Package Number N14A 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Soldering Information: 

please contact the National Semiconductor Sales e N Package: 10 sec. 260°C 
Office/Distributors for availability and specifications. e J Package: 10 sec. 300°C 
Supply Voltage (vt — V_) (Note 2) 15V e SO Package: Vapor Phase (60 sec.) 215°C 
Voltage at Any Pin vt + 0.2V Infrared (15 sec.) (Note 6) 220°C 

Vv — 0.2V . 7 
Input Current at Any Pin (Note 3) 5mA Operating Ratings (Note 1) 
Package Input Current (Note 3) 20 mA Temperature Range Tain < Ta S TMax 


LMF6OCIN-50, LMF60CIN-100 —40°C <Ta< + 85°C 


Power Dissipation (Note 4) 500 mW MF6OClJ-50, LMF6OClJ-100 

Storage Temperature —65°C to + 150°C LMF60CIWM-50, LMF60CIWM-100, 

ESD Susceptibility (Note 5) 2000V LMF60CMJ-50, LMF60CMJ-100 —55°C < Ta < + 125°C 
CLK IN Pin 1700V Supply Voltage (V* — V-) AV to 14V 


Filter Electrical Characteristics 
The following specifications apply for foLk = 500 kHz (Note 7) unless otherwise specified. Boldface limits apply for Ta = Ty 
= Twin to Tmax; all other limits Ta = Ty = 25°C. 


Units 
(Limits) 


Typical Limits 


t 
paranes (Note 8) (Note 9) 


Symbol 


vt = +5V,V_ = —5V 


foLk Clock Frequency Range 5 Hz (Min) 
(Note 16) MHz (Max) 
is__| Total Supply Current 
Clock Feedthrough Vin = OV Filter 10 mVp-p 
Opamp 5 mVp-p 


—0.26 / —0.30 dB (Min) 

Cutoff 

Frequency LMF60-100 

Temperature Coefficient ‘ 
Aum | Stopband Attenuation At? X fo ee ee 
VouT Output Voltage +3.9 / +3.7 V (Min) 

Swing (Note 2) —4.2 / —4.0 V (Max) 
Isc Output Short Circuit Source 

Current (Note 11) Sink 


foik/fc | Clock to LMF60-50 49.00 +0.8% /49.00 + 1.0% (Max) 
98.10 +0.8% /98.10 + 1.0% (Max) 
Ratio (Note 10) 
Vos DC Offset LMF60-50 +100 mV (Max) 
Voltage LMF60-100 +150 mV (Max) 
Dynamic Range 
(Note 12) cet ee i ee ‘3 


it = —9.45 + —9.45 +0. 
acca fin =9 kHz aa —0.87 $0.16 /—0.87 +0.20 dB 
Test Poin [ =9.0 +048 /=9.80 £0.50 | 
Test Points aireoaon | HIN 8 RHE maa —9,30 +0.46 /—9.30 +0.50 dB 
(Note 13) fin = 4.5 kHz em —0.87 +0.16 /—0.87 +0.20 dB 
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Filter Electrical Characteristics (Continued) 


pecified. Boldface limits apply for Ta =Ty 


The following specifications apply for fcLk = 250 kHz (Note 7) unless otherwise s 
= Tin to Tax; all other limits T, = Ty = 25°C. 


Vt = +2.5V, V- = —-2.5V 


foLk Clock Frequency Range 
(Note 16) 


Total Supply Current 


Clock Feedthrough 
(Peak to Peak) 


Vin = OV Filter 


foLk = 250 kHz 


Rsource < 2k) 


/49.00 + 1.0% 


folk = 250 kHz /98.10 + 1.0% 


fotk = 500 kHz 


Temperature Coefficient 
of foik/fc 


Stopband Attenuation 


|- 


Units 


(Limits) 


Hz (Min) 
kHz (Max) 


mA (Max) 


mV 
mV 


dB (Max) 
dB (Min) 


' dB 
(Max) 


(Max) 


ppm/°C 


dB (Min) 


mV (Max) 
mV (Max) 


V (Max) 


Output Voltage 
Swing (Note 2) 


Output Short Circuit 
Current (Note 11) 


| 
i) 
° 


On 
co 


Dynamic Range 


foe] 


—_ 


—9.45 +0.46 /—9.45 +0, 
—0.87 +0.16 /—0.87 +0.20 
—9.30 +0.46 /—9.30 +0.50 
—0.87 40.16 /—0.87 +0, 


= 
2 
I 
oO 
x 
=a 
N 


V (Min) 
mA 
mA 
dB 


dB 
dB 
dB 
dB 
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Op Amp Electrical Characteristics 
Boldface limits apply for Ta = Ty = Tin to Tmax; all other limits Ta = Ty = 25°C. 


Parameter Typical Limits Units 
(Note 8) (Note 9) (Limits) 


vt = +5V,V. = —5V 


Common Mode Rejection Test Input Range = 
Ratio (Op Amp #2 Only) —2.2V to + 1.8V 
Output Voltage Swing RL = 5k 3.8 / 3.6 
-4.2 / -—4.0 


mV (Max) 


~ dB (Min) 


Common Mode Rejection Test Input Range = 
Ratio (Op Amp #2 Only) —0.9V to +0.5V 
Output Voltage Swing Rp = 5k. 1.3 / 14.1 
-18 / —1.6 
Output Short Circuit Source 42 
Current (Note 13) Sink 0.9 


dB (Min) 


Logic Input-Output Characteristics 
The following specifications apply for V~ = OV (Note 15), L.Sh = OV unless otherwise specified. Boldface limits apply for Ta 
= Ty = Twin to Tmax; all other limits Ta = Ty = 25°C. 


Typical 
ee ee (Note 8) 


TTL CLOCK INPUT, CLK R PIN (NOTE 14) 
TTL Input Logical “1” vt = +5V,V_ = —5V 2. 
Voltage Logical “0” 0.8 
CLK R Input Logical “1” vt = +2.5V,V~ = —2.5V 2.0 
Voltage Logical ‘‘0” 06 / 0.4 
Maximum Leakage #D 

Current at CLK R : 


Units 


Symbol (Limits) 


V (Min) 
V (Max) 
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Logic Input-Output Characteristics (Continued) 
The following specifications apply for V- = OV (Note 15), L.Sh = OV unless otherwise specified. Boldface limits apply for Ta 
= Ty = Tin to Tyax: all other limits Ta = Ty = 25°C. 


Units 
(Limits) 


Limits 
(Note 9) 


Typical 
(Note 8) 


Parameter 


Positive Going Input V (Min) 

Threshold Voltage V (Max) 

, V (Min) 

V (Max) 

Negative Going Input V (Min) 

Threshold Voltage V (Max) 

V (Min) 

V (Max) 

Vr4 —-Vr- Hysteresis V (Min) 
V (Max) 

V (Min) 

V (Max) 

VoH Logical “1” Voltage V (Min) 
lo = —10 pA, Pin 11 V (Min) 

VoL Logical “0” Voltage V (Max) 
lo = —10 pA, Pin 11 V (Max) 


ISOURCE Output Source CLK R to V— 
Current, Pin 11 vt = +10V mA (Min) 
vt = +5V mA (Min) 


ISINK Output Sink CLK R to Vt 
Current, Pin 11 vt = +10V mA (Min) 
vt = +5V mA (Min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional. Specified Electrical Characteristics do not apply when operating the device outside its specified conditions. 


Note 2: All voltages are measured with respect to AGND, unless otherwise specified. 


Note 3: When the input voltage (Vij) at any pin exceeds the power supply rails (Vin < V~ or Vin > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with 5 mA to four. 


Note 4: The Maximum power dissipation must be derated at elevated temperatures and is dictated by Ty Max: 9ya, and the ambient temperature Ta. The maximum 
allowable power dissipation is PD = (Ty Max — Ta)/@yq or the number given in the absolute ratings, whichever is lower. For this device, Tj max = 125°C, and the 
typical junction-to-ambient thermal resistance of the LMF60CCN when board mounted is 67°C/W. For the LMF60ClJ this number decreases to 62°C/W. For the 
LMF60CIWM, @j4 = 78°C/W. 

Note 5: Human body model: 100 pF discharged through a 1.5 kf. resistor. 


Note 6: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any current Linear Databook 
for other methods of soldering surface mount devices. 


Note 7: The specifications given are for a clock frequency (fc_x) of 500 kHz at +5V and 250 kHz at +2.5V. Above this frequency, the cutoff frequency begins to 
deviate from the specified error band over the temperature range but the filter still maintains its amplitude characteristics. See application hints. 


Note 8: Typicals are at 25°C and represent the most likely parametric norm. 
Note 9: Guaranteed to National’s Average Outgoing Quality Level (AOQL). 
Note 10: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 


Note 11: The short circuit source current is measured by forcing the output to its maximum positive swing and then shorting that output to the negative supply. The 
short circuit sink current is measured by forcing the output being tested to its maximum negative voltage and then shorting that output to the positive supply. These 
are worst case conditions. 


Note 12: For +5V supplies the dynamic range is referenced to 2.62 Vrms (3.7V peak), where the wideband noise over a 20 kHz bandwidth is typically 100 pV. For 
+2.5V supplies the dynamic range is referenced to 0.849 V;ms (1.2V peak), where the wideband noise over a 20 kHz bandwidth is typically 75 wVrms. 


Note 13: The filter's magnitude response is tested at the cutoff frequency, fc, at fy = 2 fc, and at these two additional frequencies. 
Note 14: The LMF60 is operated with symmetrical supplies and L.Sh is tied to GND. 


Note 15: For simplicity all the logic levels (except for the TTL input logic levels) have been referenced to V— = OV. The logic levels will scale accordingly for +5V 
and +2.5V supplies. 
Note 16: The nominal ratio of the clock frequency to the low-pass cutoff frequency is internally set to 50-to-1 (LMF60-50) or 100-to-1 (LMF60-100). 
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Typical Performance Characteristics 


DC GAIN CHANGE (dB) 


fe_k/fc Deviation 
vs Power Supply Voltage 


POWER SUPPLY VOLTAGE (V) 


fc_k/fc Deviation 
vs Power Supply Voltage 


LMF60 = 100 
fo. = 500 kHz 
1,8 25°C 


POWER SUPPLY VOLTAGE (V) 


DC Gain Deviation 
vs Power Supply Voltage 


POWER SUPPLY VOLTAGE (V) 


% CHANGE 


DC GAIN CHANGE (dB) 


) eee |_| 
— a ¥s 
Shee 


feik/fc Deviation 


vs Temperature 
20 


=15 
TEMPERATURE (°C) 


fe_k/fc Deviation 
vs Temperature 


LMF60 = 100 
for = 500 kHz 


TEMPERATURE (°C) 


DC Gain Deviation 
vs Temperature 


=10V 
—— Eo 


LMF60 = 50 
fork = 500 kHz 


-15 
TEMPERATURE (°C) 
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DC GAIN CHANGE (dB) 


fc_k/fc Deviation 
vs Clock Frequency 


CLOCK FREQUENCY (MHz) 


feik/fc Deviation 
vs Clock Frequency 


CLOCK FREQUENCY (MHz) 


DC Gain Deviation 
vs Clock Frequency 


a 
BSgencaa 


IN| = 
ACH 
|| \y |_| 


\ 


CLOCK FREQUENCY (MHz) 
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Typical Performance Characteristics (continued) 


DC OFFSET CHANGE (mV) DG.GRIN. CASE aR) 


POSITIVE VOLTAGE SWING (V) 


DC Gain Deviation 
vs Power Supply Voltage 


POWER SUPPLY VOLTAGE (V) 


DC Offset Voltage Deviation 


vs Power Supply Voltage 


POWER SUPPLY VOLTAGE (V) 


Positive Voltage Swing 
vs Power Supply Voltage 


ar Ameo: 


fork = 500 kHz 


POWER SUPPLY VOLTAGE (V) 


DC GAIN CHANGE (dB) 


CURRENT (mA) 


NEGATIVE VOLTAGE SWING (V) 


DC Gain Deviation 


vs Temperature 
O41 


5.0 


S 


é 


LMF60 = 100 
foux = 500 kHz 


“155 
TEMPERATURE (°C) 


Power Supply Current 4% 
vs Power Supply Voltage 


Ty = 25°C 
fork = 500 kHz 


12 14 
POWER SUPPLY VOLTAGE (V) 


Negative Voltage Swing 
vs Power Supply Voltage 


a 
Al 

r | 

‘4 


8 10 12 14 
POWER SUPPLY VOLTAGE (V) 
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DC GAIN CHANGE (dB) 


CURRENT (mA) 


POSITIVE VOLTAGE SWING (V) 


0941 


DC Gain Deviation 
vs Clock Frequency 


228020 
| | | N 


TS 
= yy N 


CLOCK FREQUENCY (MHz) 


Power Supply Current 


vs Temperature 
8.0 


TEMPERATURE (°C) 


Positive Voltage Swing 
vs Temperature 


TEMPERATURE (°C) 
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Typical Performance Characteristics (Continued) 


Negative Voltage Swing CLK R Trigger Threshold Schmitt Trigger Threshold 
vs Temperature vs Power Supply Voltage vs Power Supply Voltage 
-20 25 10.0 


THRESHOLD (V) 
THRESHOLD (V) 


NEGATIVE VOLTAGE SWING (V) 


“55-15 25 65 105 
TEMPERATURE (°C) POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V) 


Crosstalk from Filter Crosstalk from Either 
to Op Amps Op Amp to Filter 
0 0 


B/N 
Oi eccea 
UN 


CROSSTALK (dB) 
CROSSTALK (dB) 


TET 
wo Ul 
a mi 


0 =120 
10 10k 100k 1k 10k 
FREQUENCY (Hz) FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage of Op Amps 
240 


EQUIVALENT INPUT NOISE 
VOLTAGE (nWHz) 


Hai Sa 
LUT T 


1k 10k 100k 


FREQUENCY (Hz) 
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Crosstalk Test Circuits 


From Filter to Op-Amps 


FILTER 


AC 
VOLTMETER 


20 Hz = 20 kHz 
1VRMS ) 


OP=AMP #2 


TL/H/9294-6 


From Either Op-Amp to Filter Output 


FILTER 


AC 
VOLTMETER 


20 Hz = 20 kHz 
1V RMS 


OP=AMP #2 


TL/H/9294-7 


Pin Description (Pin Numbers) 


Pin Description Pin Description 
FILTER OUT (3) The output of the lowpass filter will typi- CLK IN (9) A CMOS Schmitt-trigger input to be 
cally swing to within 1V of each supply used with an external CMOS logic level 
rail. clock. Also used for  self-clocking 
FILTER IN (8) The input to the lowpass filter. To mini- Schmitt-trigger oscillator (See Section 
mize gain errors the source impedance 1.1). 
that drives this input should be less than CLK R (11) A TTL logic level clock input when in 
2k (See Section 1.4). For single supply split supply operation (+2V to +7V) and 
operation the input signal must be bi- L. Sh tied to system ground. This pin be- 
ased to mid-supply or AC coupled. comes a low impedance output when 
VosADJ (7) This pin is used to adjust the DC offset | L.Sh is tied to V~. Also used in conjunc- 
of the filter output; if not used it must be tion with the CLK IN pin for self clocking 
tied to the AGND potential. (See Section Schmitt-trigger oscillator (See Section 
1.3) © tett, 
DC bias level for the filter section and old levels for the desired clock. When 
and must be tied to the system ground STATE® buffer stage between the 
for split supply operation or to mid-sup- Schmitt trigger and the internal clock 
ply for single supply operation (See Sec- level shift stage thus enabling the CLK 
tion 1.2). When tied to mid-supply this IN Schmitt-trigger input and making the 
pin should be well bypassed. CLK R pin a low impedance output. 
Vo1(4), Voz is the output and INV1 is the invert- When the voltage level at this input ex- 
INV1 (13) ing input of Op-Amp #1. The non-invert- ceeds [25% (Vt — V~) + V"] the in- 
ing input of this Op-Amp is internally ternal TRI-STATE® buffer is disabled al- 
connected to the AGND pin. lowing the CLK R pin to become the 
Voo(2), Vo2 is the output, INV2 is the inverting clock input for the internal clock level 


shift stage. The CLK R threshold level is 


INV2 (14), input, and NINV2 is the non-inverting in- now 2V above the voltage applied to the 

BIN tH) SRA Pes . L.Sh pin. Driving the CLK R pin with TTL 

V+ (6),V~- (10) The positive and negative supply pins. logic levels can be accomplished 
The total power supply range is 4V to through the use of split supplies and by 
14V. Decoupling these pins with 0.1 uF tying the L.Sh pin to system ground. 


capacitors is highly recommended. 
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1.0 LMF60 Application Hints 


The LMF60 is comprised of a non-inverting unity gain low- 
pass sixth-order Butterworth switched capacitor filter sec- 
tion and two undedicated CMOS Op-Amps. The switched- 
capacitor topology makes the cutoff frequency (where the 
gain drops 3.01 dB below the DC gain) a direct ratio (100:1 
or 50:1) of the clock frequency supplied to the lowpass filter. 
Internal integrator time constants set the filter’s cutoff fre- 
quency. The resistive element of these integrators is actual- 
ly a capacitor which is “switched” at the clock frequency 
(for a detailed discussion see Input Impedance section). 
Varying the clock frequency changes the value of this resis- 
tive element and thus the time constant of the integrators. 
The clock to cutoff frequency ratio (fcLK/fc) is set by the 
ratio of the input and feedback capacitors in the integrators. 
The higher the clock to cutoff frequency ratio (or the sam- 
pling rate) the closer the approximation is to the theoretical 
Butterworth response. The LMF60 is available in fo_k/fc 
ratios of 50:1 (LMF60-50) or 100:1 (LMF60-100). 


1.1 CLOCK INPUTS 


The LMF60 has a Schmitt-trigger inverting buffer which can 
be used to construct a simple R/C oscillator. The oscillator 


—] 


to V= 


: TRI=STATE 


BUFFER 


frequency is dependent on the buffer’s threshold levels as 
well as on the resistor/capacitor tolerance (See Figure 7 ). 


Schmitt-trigger threshold voltage levels can vary significant- 
ly causing the R/C oscillators frequency to vary greatly 
from part to part. 


Where accuracy in fc is required an external clock can be 
used to drive the CLK R input of the LMF60. This input is 
TTL logic level compatible and also presents a very light 
load to the external clock source (~ 2 pA) with split sup- 
plies and L.Sh tied to system ground. The logic level is pro- 
grammed by the voltage applied to level shift (L.Sh) pin (See 
the Pin Description for L.Sh pin). 


1.2 POWER SUPPLY BIASING 

The LMF60 can be biased from a single supply or dual split 
supplies. The split supply mode shown in Figures 2 and 3 is 
the most flexible and easiest to implement. As discussed 
earlier split supplies, +2V to +7V, will enable the use of 
TTL or CMOS clock logic levels. Figure 4 shows two 
schemes for single supply biasing. In this mode only CMOS 
clock logic levels can be used. 


1 


ele ae in ( = v1 ) v1 
Voc — Vt+/ Vr- 


Typically for Voc = V+ — V- = 10V: 


fa eee eee 
CLK "7.37 RC 


TL/H/9294-8 


FIGURE 1. Schmitt Trigger R/C Oscillator 
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1.0 LMF60 Application Hints (continued) 
If the LMF60-50 or the LMF60-100 were set up for a cutoff 
frequency of 10 kHz the input impedance would be: 
1 xX 1010 

10 kHz 


In this example with a source impedance of 10k the overall 
gain, if the LMF60 had an ideal gain of 1 (0 dB) would be: 


1 MoO 
10kN + 1MO 


Since the maximum overall gain error for the LMF60 is +0.1 
dB, —0.3 dB with a Rs < 2 kO the actual gain error for this 
case would be +0.21 dB to —0.39dB. 


1.5 CUTOFF FREQUENCY RANGE 


The filter’s cutoff frequency (fc) has a lower limit caused by 
leakage currents through the internal switches discharging 
the stored charge on the capacitors. At lower clock frequen- 


Rin = =1MoQ 


Ay = = 0.99009 (— 86.4 mdB) 


| IA TA NVA 
ae 


AMPLITUDE (dB) 


500k 
1M 


50k 
10k ~ 100k 
FREQUENCY (Hz) 
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FIGURE 7a. LMF60-100 +5V Supplies 
Amplitude Response 


AMPLITUDE (dB) 


FREQUENCY (Hz) 


TL/H/9294-19 


FIGURE 7c. LMF60-100 +2.5V Supplies 
Amplitude Response 


cies these leakage currents can cause millivolts of error, for 
example: 
foLk = 100 Hz, ILEakaGe = 1 pA, C = 1 pF 
i 1pA 

1 pF (100 Hz) 
The propagation delay in the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors in- 
creases as the LMF60 power supply voltage decreases. 
This causes a shift in the fco_K/fc ratio which will become 
noticeable when the clock frequency exceeds 500 kHz. The 
amplitude characteristic will stay within tolerance until fo. 
exceeds 750 kHz and will peak at about 0.4 dB at the cutoff 
frequency with a 2 MHz clock. The response of the LMF60 
is still a reasonable approximation of the ideal Butterworth 
lowpass characteristic as can be seen in Figure 7. 


= 10 mV 


_—————_—_—_——_—_—_ ae 


AMPLITUDE (dB) 
& 


FREQUENCY (Hz) 
TL/H/9294-18 
FIGURE 7b. LMF60-50 + 5V Supplies 
Amplitude Response 


AMPLITUDE (dB) 


FREQUENCY (Hz) 
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FIGURE 7d. LMF60-50 + 2.5V Supplies 
Amplitude Response 
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1.0 LMF60 Application Hints (continued) 


N.INV2 
Vo2 


= TL/H/9294-9 = TL/H/9294-10 


FIGURE 2. Dual Supply Operation LMF60 Driven with FIGURE 3. Dual Supply Operation 
CMOS Logic Level Clock (Vij = V* — 0.3 Vs and LMF60 Driven with TTL Logic Level Clock 


Vi < V~ + 0.3 Vg where Vs = V+ — V-) 


3 
FILTER 
OUT 


9 
CLOCK 


TL/H/9294-11 


9 


= = TL/H/9294-12 
b) Using Op-Amp 2 to Buffer AGND 


FIGURE 4. Single Supply Operation 
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1.0 LMF60 Application Hints (continued) 


6 TH=ORDER 
BUTTERWORTH 
FILTER 


TL/H/9294-13 


6 TH=ORDER 
BUTTERWORTH 
FILTER 


OP=AMP #1 
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FIGURE 5. Vos Adjust Schemes 


1.3 OFFSET ADJUST 


The VogADu pin is used in adjusting the output offset level 
of the filter section. If this pin is not used it must be tied to 
the analog ground (AGND) level, either mid-supply for single 
ended supply operation or ground for split supply operation. 
This pin sets the zero reference for the output of the filter. 
The implementation of this pin can be seen in Figure 5. In 
5(a) DC offset is adjusted using a potentiometer; in 5(b) the 
Op-Amp integrator circuit keeps the average DC output lev- 
el at AGND. The circuit in 5(6) is therefore appropriate only 
for AC-coupled signals and signals biased at AGND. 


1.4 INPUT IMPEDANCE 


The LMF60 lowpass filter input (FILTER IN pin) is not a high 
impedance buffer input. This input is a switched capacitor 
resistor equivalent, and its effective impedance is inversely 
proportional to the clock frequency. The equivalent circuit of 
the input to the filter can be seen in Figure 6. The input 
capacitor charges to the input voltage (Vij) during one half 
of the clock period, during the second half the charge is 
transferred to the feedback capacitor. The total transfer of 
charge in one clock cycle is therefore Q = CjyVin, and 
since current is defined as the flow of charge per unit time 
the average input current becomes 


lin = Q/T 
(where T equals one clock period) or 
CinViN 
IN = 7 CiNVinfcik 


FILTER 
INPUT 


TL/H/9294-15 
a) Equivalent Circuit for LMF60 Filter Input 


FIGURE 6. LMF60 Filter Input 


The equivalent input resistor (Rij) then can be defined as 


Rin = Vin/lin = 
Cinfcik 

The input capacitor is 2 pF for the LMF60-50 and 1 pF for 
the LMF60-100, so for the LMF60-100 


a= ee eee 
Re gue | Ig 100 fc 
and 
5xX1011 5x 1011 1x 1010 


folk fo X 50 ife 

for the LMF60-50. As shown in the above equations, for a 
given cutoff frequency (fc) the input impedance remains the 
same for the LMF60-50 and the LMF60-100. The higher the 
clock to cutoff frequency ratio, the greater equivalent input 
resistance for a given clock frequency. As the cutoff fre- 
quency increases the equivalent input impedance decreas- 
es. This input resistance will form a voltage divider with the 
source impedance (Rsource). Since Rij is inversely pro- 
portional to the cutoff frequency, operation at higher cutoff 
frequencies will be more likely to load the input signal which 
would appear as an overall decrease in gain at the output of 
the filter. Since the filter's ideal gain is unity, its overall gain 
is given by: 


dap es Rin 
|, 
Rin + Rsource 


NON=OVERLAPPING 
CLOCKS 
g; Bo 


FILTER 
INPUT 


ne 
N'CnfcLK ! AGND 
’ 


b) Actual Circuit for LMF60 Filter Input 
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2.0 Designing with the LMF60 


Given any lowpass filter specification, two equations will 

come in handy in trying to determine whether the LMF60 will 

do the job. The first equation determines the order of the 

lowpass filter required: 

4 = og (10° 1AMin — 1) — log(10°'AMax — 1) Pe 
2 log (fs/f) 

where n is the order of the filter, Ajjin is the minimum stop- 

band attenuation (in dB) desired at frequency fs, and Awa is 

the passband ripple or attenuation (in dB) at frequency fp. If 

the result of this equation is greater than 6, then more than 

a single LMF60 is required. 

The attenuation at any frequency can be found by the fol- 

lowing equation: 

Attn(f) = 10 logl1 + (10°-1AMax — 4) (f/f,)29]dB (2) 

where n = 6 (the order of the filter). 


2.1 A LOWPASS DESIGN EXAMPLE 

Suppose the amplitude response specification in Figure 8 is 

given. Can the LMF60 be used? The order of the Butter- 

worth approximation will have to be determined using eq. 1: 

Amin = 30 dB, Amax = 1.0 dB, fg = 2 kHz, and fp = 1 kHz 
ee log(103 — 1) — log(109-1 — 1) 

2 log(2) 

Since.n can only take on integer values, n = 6. Therefore 

the LMF60 can be used. In general, if n is 6 or less a single 

LMF60 stage can be utilized. 


Likewise, the attenuation at f, can be found using equation 
2 with the above values and n = 6 giving: 
Atten (2 kHz) = 10 log [1 + (109-1 — 1) (2/1)12] 
= 30.26 dB 
This result also meets the design specification given in Fig- 
ure 8 again verifying that a single LMF60 section will be 
adequate. 


= 5.96 


LF Se 


Ayax= "1 NY 
| 
Ayin= 750 
IN RY 


eS 


tik = 


FREQUENCY (Hz) 
TL/H/9294~21 
FIGURE 8. Design Example Magnitude Response 
Specification Where the Response of the Filter Design 
Must Fall Within the Shaded Area of the Specification 


Since the LMF60’s cutoff freqency fc, which corresponds to 
a gain attenuation of —3.01 dB, was not specified in this 
example it needs to be calculated. Solving equation 2 where 
f = fc as follows: 
400.1(3.01 dB) — 4) 
jo = ty | Axa 
(10°"'\Max — 1) 


= (— = he 


ven 


100.1 — 4 
= 1.119 kHz 
where fo = fo_K/50 or fo_K/100. 


To implement this example for the LMF60-50 the clock fre- 
quency will have to be set to foLk = 50(1.119 kHz) = 


55.95 kHz or for the LMF60-100 fc_k 
111.9 kHz 


2.2 CASCADING LMF60s 


In the case where a steeper stopband attenuation rate is 
required two LMF60’s can be cascaded (Figure 9) yielding a 
12th order slope of 72 dB per octave. Because the LMF60 
is a Butterworth filter and therefore has no ripple in its pass- 
band, when LMF60’s are cascaded the resulting filter also 
has no ripple in its passband. Likewise the DC and pass- 
band gains will remain at 1V/V. The resulting response is 
shown in Figure 70. 


In determining whether the cascaded LMF60’s will yield a 
filter that will meet a particular amplitude response specifi- 
cation, as above, equations 3 and 4 can be used, shown 
below. 


= Wa (tat ain — 1) — log(10°-08 AMax — 1) 
2 log (fs/fp) 

Attn(f) = 10 logl1 + (109-05 AMax — 1) (f/f)2n] dB (4) 

where n = 6 (the order of each filter). 


Equation 3 will determine whether the order of the filter is 
adequate (n < 6) while equation 4 can determine if the 
required stopband attenuation is met and what actual cutoff 
frequency (fc) is required to obtain the particular frequency 
response desired. The design procedure would be identical 
to the one shown in Section 2.1. 


2.3 IMPLEMENTING A “NOTCH” FILTER WITH THE 
LMF60 


A “notch” filter with 60 dB of attenuation can be obtained by 
using one of the Op-Amps available in the LMF60 and three 
external resistors. The circuit and amplitude response are 
shown in Figure 77. 


The frequency where the “notch” will occur is equal to the 
frequency at which the output signal of the LMF60 will have 
the same magnitude but be 180 degrees out of phase with 
its input signal. For a sixth order Butterworth filter 180° 
phase shift occurs where f = fp = 0.742 fc. The attenua- 
tion at this frequency is 0.12 dB which must be compensat- 
ed for by making Ry = 1.014 X Ro: 


Since R; does not equal Re there will be a gain inequality 
above and below the notch frequency. At frequencies below 
the notch frequency (f < fp), the signal through the filter 
has a gain of one and is non-inverting. Summing this with 
the input signal through the Op-Amp yields an overall gain 
of two or +6 dB. For f > fp, the signal at the output of the 
filter is greatly attenuated thus only the input signal will ap- 
pear at the output of the Op-Amp. With Rg = Ry = 1.014 
Ro the overall gain is 0.986 or —0.12 dB at frequencies 
above the notch. 


100(1.119 kHz) = 


(3) 
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FIGURE 9. Cascading Two LMF60s 
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FIGURE 10a. One LMF60-50 vs. FIGURE 10b. Phase Response 
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2.0 Designing with the LMF60 (continued) 


LMF60 


Lied 
7 


6 TH=ORDER 


BUTTERWORTH 
pb 
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FILTER OUTPUT 
TL/H/9294-25 


FIGURE 11a. “Notch” Filter 
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FIGURE 11b. LMF60-50 “Notch” Filter Amplitude Response 
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2.0 Designing with the LMF60 (continueg) 


2.4 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 


The LMF60 will respond well to a sudden change in clock 
frequency. Distortion in the output signal occurs at the tran- 
sition of the clock frequency and lasts approximately three 
cutoff frequency (fc) cycles. As shown in Figure 72, if the 
control signal is low the LMF60-50 has a 100 kHz clock 
making f¢ = 2 kHz; when this signal goes high the clock 
frequency changes to 50 kHz yielding 1 kHz fc. 

The transient response of the LMF60 seen in Figure 13 is 
also dependent on the f, and thus the fo_x applied to the 
filter. The LMF60 responds as a classical sixth order Butter- 
worth lowpass filter. 


TL/H/9294-27 


fin = 1.5 kHz (Scope Time Base = 2 ms/Div) 
FIGURE 12. LMF60-50 Abrupt Clock Frequency Change 


2.5 ALIASING CONSIDERATIONS 


Aliasing effects have to be taken into consideration when 
input signal frequencies exceed half the sampling rate. For 
the LMF60 this equals half the clock frequency (foLk). 
When the input signal contains a component at a frequency 
higher than half the clock frequency, as in Figure 14a, that 


AMPLITUDE 


fs 
ry 
FREQUENCY 
TL/H/9294-29 
(a) Input Signal Spectrum 


component will be “reflected” about fo_«/2 into the fre- 
quency range below fc. /2 as in Figure 14b. \f this compo- 
nent is within the passband of the filter and of large enough 
amplitude it can cause problems. Therefore if frequency 


“components in the input signal exceed fc, «/2 they must be 


attenuated before being applied to the LMF60 input. The 
necessary amount of attenuation will vary depending on 
system requirements. In critical applications the signal com- 
ponents above fc, «/2 will have to be attenuated at least to 
the filter’s residual noise level. An example circuit is shown 
in Figure 15 using one of the uncommitted Op-Amps avail- 
able in the LMF60. 


TL/H/9294-28 
FIGURE 13. LMF60-50 Step Input Response, 
Vertical = 2V/Div., Horizontal = 
1 ms/Div., fe_K = 100 kHz 


AMPLITUDE 


FREQUENCY 
TL/H/9294-30 
(b) Output Signal Spectrum. Note that the input signal at 
fs/2 + f causes an output signal to appear at f,/2 — f. 


FIGURE 14. The phenomenon of aliasing in sampled-data systems. An input signal whose frequency 
is greater than one-half the sampling frequency will cause an output to appear 


at a frequency lower than one-half the sampling frequency. In the LMF60, fs = fox: 
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2.0 Designing with the LMF60 (continued) 
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6 TH=ORDER 
BUTTERWORTH 3 
PL = ‘an 


TL/H/9294-31 


1 
10 = Bar WPaRaCiCa 
Ho = R4/Rg (Ho = 1 when Rg and Rg are omitted and Vop is directly tied to INV2). 
Design Procedure: 
pick Cy 
= 1 
= 2QC1a9 
for a 2nd Order Butterworth Q = 0.707 
0.113 

2” Cifo 
make Ry = Ro 
and 


Re 


{ 
© (2afoR1)2C4 
Note: The parallel combination of Rg (if used), Ry and Ro should be > 10 kQ in order not to load Op-Amp #2. 


FIGURE 15. Second Order Butterworth Anti-Aliasing Filter Using Uncommitted Op-Amp #2 
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GA National 
Semiconductor 


LMF90 


General Description 


The LMF90 is a fourth-order elliptic notch (band-reject) filter 
based on switched-capacitor techniques. No external com- 
ponents are needed to define the response function. The 
depth of the notch is set using a two-level logic input, and 
the width is programmed using a three-level logic input. Two 
different notch depths and three different ratios of notch 
width to center frequency may be programmed by connect- 
ing these pins to VT, ground, or V. Another three-level 
logic pin sets the ratio of clock frequency to notch frequen- 
cy. 

An internal crystal oscillator is provided. Used in conjunction 
with a low-cost color TV crystal and the internal clock fre- 
quency divider, a notch filter can be built with center fre- 
quency at 50 Hz, 60 Hz, 100 Hz, 120 Hz, 150 Hz, or 180 Hz 
for rejection of power line interference. Several LMF90s can 
be operated from a single crystal. An additional input is pro- 
vided for an externally-generated clock signal. 


Features 


@ Center frequency set by external clock or on-board 
clock oscillator 


Typical Connection 


60 Hz Notch Filter 


11 =a 


NON=OVERLAPPING 
CLOCK GENERATOR 


0 


3.579545 MHz 


3 


4th-Order Elliptic Notch Filter 


is Hasan yo} 


@ No external components needed to set response char- 
acteristics 

@ Notch width, attenuation, and clock-to-center-frequency 
ratio independently programmable 

@ 14 pin 0.3” wide package 


Key Specifications 

@ fo Range 0.1 Hz to 30 kHz 
® fo accuracy over full temperature range (max) 1.5% 
@ Supply voltage range +2V to +7.5V or 4V to 15V 
@ Passband Ripple (typ) 0.25 dB 
@ Attenuation at fo (typ) 39 dB or 48 dB (selectable) 
@ foxx: fo 100:1, 50:1, or 33.3:1 
@ Notch Bandwidth (typ) 0.127 fo, 0.26 fo, or 0.55 fo 
@ Output offset voltage (max) 120 mV 


Applications 

@ Automatic test equipment 

@ Communications 

@ Power line interference rejection 


Connection 
Diagram 


Dual-In-Line and Small 
Outline Packages 


TL/H/10354-2 
Top View 


Order Number LMF90CCN, 
LMF90CIWM, 

7 LMF9O0CCWM, LMF90ClJ, 
LMF90CCJ, LMFS0CIN 
or LMF90CMJ 
See NS Package Number 
J14A, M14B or N14A 


TL/H/10354-1 
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DC Electrical Characteristics (Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions for which the device is intended to be functional. These ratings do not guarantee specific performance limits, 
however. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions 
listed. Some performance characteristics may degrade when the device is not operated under the listed test conditions. 


Note 3: All voltages are measured with respect to GND unless otherwise specified. 


Note 4: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any current Linear Data 
Book for other methods of soldering surface mount devices. 


Note 5: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tax, ®ya and the ambient temperature, Ta. The maximum 
allowable power dissipation at any temperature is Pp = (Tymax — Ta)/@ya or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tywax = 150°C, and the typical thermal resistance (© ja) when board mounted is 61°C/W for the LMF90CCN and CIN, 134°C/W for the LMFSOCCWM and 
CWIM and 59°C/W for the LMF90CCuJ, Cld and CMU. 


Note 6: Human body model, 100 pF discharged through a 1.5 kQ resistor. 
Note 7: Typicals are at Ty = 25°C and represent the most likely parametric norm. 
Note 8: Tested Limits are guaranteed and 100% tested. 


Note 9: Design Limits are guaranteed, but not 100% tested. 


Note 10: When the input voltage (Vij) at any pin exceeds the power supplies (Vij < V~ or Vin > V*), the current at that pin should be limited to 5 mA. The 20 mA 
maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 
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Typical Performance Characteristics 
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Ty = 25°C 


cig a 
CT IM 
ARI 


W=D=V7,R=V*LY 


p> ——- 


907 I att 
eee ATTN | Li UI =P oes a StH 
CT scl 


60 
10 100 1000 10000 12 3 4 5 6 7 8 255 35-15 5 25 45 65 8 105 12 
CLOCK FREQUENCY (kHz) SUPPLY VOLTAGE (V) TEMPERATURE (°C) 


Power Supply Current Power Supply Current Offset Voltage vs 
vs Power Supply Voltage vs Temperature Clock Frequency 


ae 
at TH aaae " = 
nC 
2A rh =a THe 28 CELE 160 }¥s=#5V TTY 
fo, = 500 kHz 1 40 || 
eer ee ss 


OFFSET VOLTAGE (mV) 


POWER SUPPLY CURRENT (mA) 
POWER SUPPLY CURRENT (mA) 


4 
a irae 
HE 18 
1 #2 3 cL H i : 55 35-15 5 eae 10000 
POWER SUPPLY VOLTAGE (£V) AMBIENT TEMPERATURE (°C) CLOCK FREQUENCY (kHz) 


Offset Voltage vs Offset Voltage vs Passband Width vs 


Supply Voltage Temperature Clock Frequency 
0.6 


7 aon] 

4 3 [w=v*,o=on,R=VII NI | [IIlll 

= MH H ee LH Y S 05 
t ane = HE 2 °F TOM il 
re a y ® W=V",D=GND, a E Pg a I 
atk : 8 COMME He 
3 on g = ans HAA em 
fd fd 60 ue =< : wao2=00-CHl THI 
6 S SW =D=V- REV foyg= 167 Kz 2 CEM TTS LT 
rT sa" | TT 

LT PH g Cri 

D K Fer COT ELLE = ett LL LTT 

40 of 
12 3 4 5 6 7 8 255 35-15 5 25 45 65 85 105 125 1 100 1000 10000 

SUPPLY VOLTAGE (£V) AMBIENT TEMPERATURE (°C) CLOCK FREQUENCY (kHz) 


Passband Width vs Passband Width vs Stopband Width vs 
Supply Voltage Temperature Clock Frequency 


0.06 
a 
a l 


W=V*, D=GND,R=Vett 
weve 0- 0. Mill 


0.04 
PT TT Tt =25°¢ TTT 
| = Ly 


saubinesss\ I 
vo eat NIC 

Sect coon co 
ooo LLL 


5 01 
1 2 3 4 5 6 7 8 =§5 35°15 5 25 45 65 8 105 125 100 1000 10000 


SUPPLY VOLTAGE (£V) AMBIENT TEMPERATURE (°C) CLOCK FREQUENCY (kHz) 
TL/H/10354-3 


PASSBAND WIDTH/CENTER FREQUENCY 
STOPBAND WIDTH/CENTER FREQUENCY 
° 
a 


PASSBAND WIDTH/CENTER FREQUENCY 


434 


Typical Performance Characteristics (Continued) 


Clock-to-Center-Frequency 


Stopband Width Stopband Width Ratio Deviation 
vs Supply Voltage vs Temperature vs Clock Frequency 
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W (Pin 1) 


R (Pin 2) 


LD (Pin 3) 


XTAL2 (Pin 4) 


XTAL1 (Pin 5) 


CLK (Pin 6) 


XLS (Pin 7) 


Pin Descriptions 


This three-level logic input sets the width of 
the notch. Notch width is fpa—-fe1 (see Figure 
7). When Wis tied to V* (pin 14), GND (pin 
13), or V~ (pin 8), the notch width is 0.55 fo, 
0.26 fo, or 0.127 fo, respectively. 


This three-level logic input sets the ratio of 
the clock frequency (fcLk) to the center fre- 
quency (fo). When R is tied to V*, GND, or 
V~, the clock-to-center-frequency ratio is 
33.33:1, 50:1, or 100:1, respectively. 

This three-level logic input sets the division 
factor of the clock frequency divider. When 
LD is tied to V*, GND, or V_, the division 
factor is 716, 596, or 2, respectively. 


This is the output of the internal crystal os- 
cillator. When using the internal oscillator, 
the crystal should be tied between XTAL2 
and XTAL1. (The capacitors are internal— 
no external capacitors are needed for the 
oscillator to operate.) When not using the 
internal oscillator this pin should be left 
open. 

This is the crystal oscillator input. When us- 
ing the internal oscillator, the crystal should 
be tied between XTAL1 and XTAL2. XTAL1 
can also be used as an input for an external 
clock signal swinging from V" to V~. The 
frequency of the crystal or the external 
clock will be divided internally by the clock 
divider as determined by the programming 
voltage on pin 3. 


This is the filter clock pin. The clock signal 
appearing on this pin is the filter clock 
(foLk). When using the internal crystal oscil- 
lator or an external clock signal applied to 
pin 5 while pin 7 is tied to V+, the CLK pin is 
the output of the divider and can be used to 
drive other LMF90s with its rail-to-rail output 
swing. When not using the internal crystal 
oscillator or an external clock on pin 5, the 
CLK pin can be used as a CMOS or TTL 
clock input provided that pin 7 is tied to 
GND or V_. For best performance, the duty 
cycle of a clock signal applied to this pin 
should be near 50%, especially at higher 
clock frequencies. 


This is a three-level logic pin. When XLS is 
tied to V‘, the crystal oscillator and fre- 
quency divider are enabled and CLK (pin 6) 
is an output. When XLS is tied to GND (pin 
13), the crystal oscillator and frequency di- 
vider are disabled and pin 6 is an input fora 
clock swinging between V- and V". When 
XLS is tied to V~, the crystal oscillator and 
frequency divider are disabled and pin6isa 
TTL level clock input for a clock signal 
swinging between GND and Vt or between 
V~ and GND. 


This is the negative power supply pin. It 
should be bypassed with at least a 0.1 1F 
capacitor. For single-supply operation, 
connect this pin to system ground. 


V~ (Pin 8) 


Vout (Pin 9) 
D (Pin 10) 


This is the filter output. 


This two-level logic input is used to set the 
depth of the notch (the attenuation at fo). 
When D is tied to GND or V~, the typical 
notch depth is 48 dB or 39 GB, respective- 
ly. Note, however, that the notch depth is 
also dependent on the width setting (pin 
1). See the Electrical Characteristics for 
tested limits. 


This is the input to the difference amplifier 
section of the notch filter. 


This is the input to the internal bandpass 
filter. This pin is normally connected to pin 
41. For wide bandwidth applications, an 
anti-aliasing filter can be inserted between 
pin 11 and pin 12. 


This is the analog ground reference for the 
LMF90. In split supply applications, GND 
should be connected to the system 
ground. When operating the LMF90 from a 
single positive power supply voltage, pin 
43 should be connected to a “clean” refer- 
ence voltage midway. between V" and 
Vv. 

This is the positive power supply pin. It 
should be bypassed with at least a 0.1 pF 
capacitor. 


Ving (Pin 11) 


Vina (Pin 12) 


GND (Pin 13) 


V* (Pin 14) 


1.0 Definition of Terms 


Amax: the maximum amount of gain variation within the fil- 
ter’s passband (See Figure 7). For the LMF90, Amax is 
nominally equal to 0.25 dB. 


Amin: the minimum attenuation within the notch’s stopband. 
(See Figure 1). This parameter is adjusted by programming 
voltage applied to pin 10 (D). 

Bandwidth (BW) or Passband Width: the difference in fre- 
quency between the notch filter’s two cutoff frequencies. 


Cutoff Frequency: for a notch filter, one of the two fre- 
quencies, fc; and fc2 that define the edges of the pass- 
band. At these two frequencies, the filter has a gain equal to 
the passband gain. 


fei: the frequency of the clock signal that appears at the 
CLK pin. This frequency determines the filter’s center fre- 
quency. Depending on the programming voltage on pin 2 
(R), foLk will be either 33.33, 50, or 100 times the center 
frequency of the notch. 

fo Or fNotch: the center frequency of the notch filter. This 
frequency is measured by finding the two frequencies for 
which the gain —3 dB relative to the passband gain, and 
calculating their geometrical mean. 

Passband: for a notch filter, frequencies above the upper 
cutoff frequency (fc2 in Figure 7) and below the lower cutoff 
frequency (fc1 in Figure 7). 


1.0 Definition of Terms (continued) 
Passband Gain: the notch filter’s gain for signal frequen- 
cies near de or fo_k/2. The passband gain of a notch filter is 
also called “Hon”. For the LMF90, the passband gain is 
nominally 0 dB. 

Passband Ripple: the variation in gain within the filter's 
passband. 

Stopband: for a notch filter, the range of frequencies for 
which the attenuation is at least Amin (fs1 to fso) in Figure 
7). 

Stop Frequency: one of the two frequencies (fgq and fgo) 
at the edges of the notch’s stopband. 

Stopband Width (SBW): the difference in frequency be- 
tween the two stopband edges (fgo—-fs4). 


Amplitude 


frequency 
TL/H/10354-5 
FIGURE 1. General Form of Notch Response 


2.0 Applications Information 


2.1 FUNCTIONAL DESCRIPTION 


The LMF90 uses switched-capacitor techniques to realize a 
fourth-order elliptic notch transfer function with 0.25 dB 
passband ripple. No external components other than supply 
bypass capacitors and a clock (or crystal) are required. 


As is evident from the block diagram, the analog signal path 
consists of a fourth-order bandpass filter and a summing 
amplifier. The analog input signal is applied to the input of 
the bandpass filter, and to one of the summing amplifier 
inputs. The bandpass filter’s output drives the other sum- 
ming amplifier input. The output of the summing amplifier is 
the difference between the input signal and the: bandpass 
output, and has a notch filter characteristic. Notch width and 
depth are controlled by the dc programming voltages ap- 
plied to two pins (1 and 10), and the center frequency is 
proportional to the clock frequency, which may be generat- 
ed externally or internally with the aid of an external crystal. 
The clock-to-center-frequency ratio can be one of three dif- 
ferent values, and is selected by the voltage on a three-level 
logic input (pin 2). 

The clock signal passes through a digital frequency divider 
circuit that can divide the clock frequency by any of three 
different factors before it reaches the filters. This divider can 
also be disabled, if desired. Pin 7 enables and disables the 
frequency divider and also configures the clock inputs for 
operation with an external CMOS or TTL clock or with the 
internal oscillator circuit. 


4th=ORDER 
BANDPASS 


NON=OVERLAPPING 
CLOCK GENERATOR 


eae NI 


TL/H/10354~6 
FIGURE 2. LMF90 Block Diagram 
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2.2 PROGRAMMING PINS 


The LMF90.has five control pins that are used to program 
the filter’s characteristics via a three-level logic scheme. In 
dual-supply applications, these inputs are tied to either Vt, 
V~—, or GND in order to select a particular set of characteris- 
tics. For example, the W input (pin 1) sets the filter's pass- 
band width to 0.55 fo, 0.26 fo or 0.127 fo when the W input is 
connected to Vt, GND, or V_, respectively. Applying V— 
and GND to the D input (pin 10) will set the notch depth to 
40 dB or 30 GB, respectively. 


The R input (pin 2) is another three-level logic input, and it 
sets the clock-to-center-frequency ratio to 33.33:1, 50:1, or 
100:1 for input voltages equal to V+, GND, or V_, respec- 
tively. Note that the clock frequency referred to here is the 
frequency at the CLK pin and at the frequency divider output 
(if used). This is different from the frequency at the divider’s 
input. LD (pin 3) sets the frequency divider’s division factor 
to either 716, 596, or 2 for input voltages equal to vt, GND, 
or V_, respectively. XLS (pin 7) enables and disables the 
crystal oscillator and clock divider. When XLS is connected 
to the positive supply, the oscillator and divider are enabled, 
and CLK is the output of the divider and can drive the clock 
inputs of other LMF90s. When XLS is connected to GND, 
the oscillator and divider are disabled, and the CLK pin be- 
comes a clock input for CMOS-level signals. Connecting 
XLS to the negative supply disables the oscillator and divid- 
er and causes CLK to operate as a TTL-level. clock input. 


Using an external 3.579545 MHz color television crystal with 
the internal oscillator and divider, it is possible to build a 
power line frequency notch for 50 Hz or 60 Hz line frequen- 
cies or their second and third harmonics using the LMF90. A 
60 Hz notch is shown in the Typical Application circuit on 
the first page of this data sheet. Connecting LD to vt 
changes the notch frequency to 50 Hz. Changing the clock- 
to-center-frequency ratio to 50:1 results in a second-har- 
monic notch, and a 33:1 ratio causes the LMF90 to notch 
the third harmonic. 

Table | illustrates 18 different combinations of filter band- 
width, depth, and clock-to-center-frequency ratio obtained 
by choosing the appropriate W, D, and R programming volt- 


ages. 


GND 


2.0 Applications Information (Continued) 


2.3 DIGITAL INPUTS AND OUTPUTS 


As mentioned above, the CLK pin can serve as either an 
input or an output, depending on the programming voltage 
on XLS. When CLK is operating as a TTL input, it will oper- 
ate properly in both dual-supply and single-supply applica- 
tions, because it has two logic thresholds—one referred to 
V~, and one referred to GND. When operating as an output, 
CLK swings rail-to-rail (CMOS logic levels). 


XTAL1 and XTAL2 are the input and output pins for the 
internal crystal oscillator. When using the internal oscillator 
(XLS connected to vr), the crystal is connected between 
these two pins. When the internal. oscillator is not. used, 
XTAL2 should be left open. XTAL1 can be used as an input 
for an external CMOS-level clock signal swinging from V~ 
to Vt. The frequency of the crystal or the external clock 
applied to XTAL1 will be divided by the internal frequency 
divider as determined by programming voltage on the LD 


pin. 


2.4 SAMPLED-DATA SYSTEM CONSIDERATIONS 
OUTPUT STEPS 


Because the LMF90 uses switched-capacitor techniques, its 
performance differs in several ways from non-sampled (con- 
tinuous) circuits. The analog signal at the input to the inter- 
nal bandpass filter (pin 12) is sampled during each clock 
cycle, and, since the output voltage can change only once 
every clock cycle, the result is a discontinuous output signal. 
The bandpass output takes the form of a series of voltage 
“steps”, as shown in Figure 3. The steps are smaller when 
the clock frequency is much greater than the signal frequen- 
cy. 

Switched-capacitor techniques are used to set the summing 
amplifier’s gain. Its input and feedback “resistors” are actu- 
ally made from switches and capacitors. Two sets of these 
“resistors” are alternated during each clock cycle. Each 
time these gain-setting components are switched, there will 
be no feedback connected to the op amp for a short period 
of time (about 50 ns). This generates very low-amplitude 
output signals at foLk + fin, foLK — fin. 2 fotk + fin, ete. 
The amplitude of each of these intermodulation compo- 
nents will typically be at least 70 dB below the input signal 
amplitude and well beyond the spectrum of interest. 


TABLE |. Operation of LMF90 Programming Pins. Values given are for nominal levels of attenuation. 


V~ (feik/fo = 100) GND (foik/fo = 50) 


Amin Amin ‘ Amin 
pow (dB) BW/fo SBW/fo (dB) BW/fo SBW/fo (dB) BW/fo 
v~ 0.12 0.019 —30 
GND 0.26 0.040 —30 
vt 0.55 0.082 —30 


Vo —35 0.12 0.010 —35 
GND —40 0.26 0.024 —40 
Vv —40 0.55 0.050 —40 


Vt (feiK/fo = 33.33) 


SBW/fo 


0.12 0.019 0.12 
0.26 0.040 0.26 
0.55 0.082 0.55 
0.12 0.010 —35 0.12 
0.26 0.024 —40 0.26 


0.55 0.050 —40 0.55 0.050 


2.0 Applications Information (Continued) 


ALIASING 


Another important characteristic of sampled-data systems is 
their effect on signals at frequencies greater than one-half 
the sampling frequency. (The LMF90’s sampling frequency 
is the same as the filter’s clock frequency. This is the fre- 
quency at the CLK pin). If a signal with a frequency greater 
than one-half the sampling frequency is applied to the input 
of a sampled-data system, it will be “reflected” to a frequen- 
cy less than one-half the sampling frequency. Thus, an input 
signal whose frequency is fs/2 + 10 Hz will cause the sys- 
tem to respond as though the input frequency was f,/2 — 
10 Hz. This phenomenon is known as “aliasing”. Aliasing 
can be reduced or eliminated by limiting the input signal 
spectrum to less than f,/2. 


In some cases, it may be necessary to use a bandwidth 
limiting filter (often a simple passive RC low-pass) ahead of 
the bandpass input. Although the summing amplifier uses 
switched-capacitor techniques, it does not exhibit aliasing 
behavior, and the anti-aliasing filter need not be in its input 
signal path. The filter can be placed ahead of pin 12 as 
shown in Figure 4, with the non-band limited input signal 
applied to pin 11. The output spectrum will therefore be 
wideband, although limited by the bandwidth of the sum- 
ming amplifier’s output buffer amplifier (typically 1 MHz), 
even if fcLk is less than 1 MHz. Phase shift in the anti-alias- 
ing filter will affect the accuracy of the notch transfer func- 


tion, however, so it is best to use the highest available 
clock-to-center-frequency ratio (100:1) and set the RC filter 
cutoff frequency to about 15 to 20 times the notch frequen- 
cy. This will provide reasonable attenuation of high-frequen- 
cy input signals, while avoiding degradation of the overall 
notch response. If the anti-aliasing filter's cutoff frequency is 
too low, it will introduce phase shift and gain errors large 
enough to shift the frequency of the notch and reduce its 
depth. A cutoff frequency that is too high may not provide 
sufficient attenuation of unwanted high-frequency signals. 


4 eg 100:1 
50:1 


TL/H/10354-7 
FIGURE 3. Output waveform of a switched-capacitor 
filter. Note the voltage steps caused by sampling 
at the clock frequency. 


Vout 


Sa 
R 


4th=ORDE! 
BANDPASS 


NONOVERLAPPING 
CLOCK GENERATOR 


TL/H/10354-8 


FIGURE 4. Using a simple passive low-pass filter to prevent aliasing in the presence of high-frequency input signals. 
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NOISE 


Switched-capacitor filters have two kinds of noise at their 
outputs. There is a random, “thermal” noise component 
whose level is typically on the order of hundreds of micro- 
volts. The other kind of noise is digital clock feedthrough. 
This will have an amplitude in the vicinity of 50 mV peak-to- 
peak. In some applications, the clock noise frequency is so 
high compared to the signal frequency that it is unimportant. 
In other cases, clock noise may have to be removed from 
the output signal with, for example, a passive low-pass filter 
at the LMF90’s output pin. 


CLOCK FREQUENCY LIMITATIONS 


The performance characteristics of a switched-capacitor fil- 
ter depend on the switching (clock) frequency. At very low 
clock frequencies (below 10 Hz), the time between clock 
cycles is relatively long, and small parasitic leakage currents 
cause the internal capacitors to discharge sufficiently to af- 
fect the filter’s offset voltage and gain. This effect becomes 
more pronounced at elevated operating temperatures. 


At higher clock frequencies, performance deviations are pri- 
marily due to the reduced time available for the internal op- 
erational amplifiers to settle. Best performance with high 
clock frequencies will be obtained when the filter clock’s 
duty cycle is 50%. The clock frequency divider, when used, 
provides a 50% duty cycle clock to the filter, but when an 
external clock is applied to CLK, it should have a duty cycle 
close to 50% for best performance. 


Input Impedance 


The input to the bandpass section of the LMF90 (Vinx) is 
similar to the switched-capacitor circuit shown in Figure 5. 
During the first half of a clock cycle, the 6; switch closes, 
charging Cjy to the input voltage Vij. During the second 
half-cycle, the @2 switch closes, and the charge on Cjy is 
transferred to the feedback capacitor. At frequencies well 
below the clock frequency, the input impedance approxi- 
mates a resistor whose value is 


Rin = = 
Cin fcoLk 


At the bandpass filter input, Cj is nominally 3.0 pF. For a 
worst-case calculation of effective Rij, assume Cjy = 
3.0 pF and fo_K = 1.5 MHz. Thus, 


= 222 kN. 


1 
4.5x 10-6 


Rin (Min) = 


2.0 Applications Information (Continued) 


At the maximum clock frequency of 1.5 MHz, the. lowest 
typical value for the effective Rij at the Vij input is there- 
fore 222 kf. Note that Rix increases as fo_« decreases, so 
the input impedance will be greater than or equal to this 
value. Source impedance should be low enough that this 
input impedance doesn’t significantly affect gain. 


The summing amplifier input impedance at Vino is calculat- 
ed in a similar manner, except that Cj = 5.0 pF. This yields 
a minimum input impedance of 133 kQ at Vine. When both 
inputs are connected together, the combined input imped- 
ance will be 83.3 kQ with a 1.5 MHz filter clock. 


@, Bo 
mF 
Cin ais 


GND 
TL/H/10354-9 
FIGURE 5. Simplified LMF90 bandpass section input 
stage. At frequencies well below the center frequency, 
the input impedance appears to be resistive. 


2.5 POWER SUPPLY AND CLOCK OPTIONS 


The LMF90 is designed to operate from either single or dual 
power supply voltages from 5V to 15V. In either case, the 
supply pins should be well-bypassed to minimize any feed- 
through of power supply noise into the filter's signal path. 
Such feedthrough can significantly reduce the depth of the 
notch. For operation from dual supply voltages, connect V ~ 
(pin 8) to the negative supply, GND (pin 13) to the system 
ground, and Vt to the positive supply. 


For single supply operation, simply connect V_ to system 
ground and GND (Pin 13) to a “clean” reference voltage at 
mid-supply. This reference voltage can be developed with a 
pair of resistors and a capacitor as shown in Figures 10 
through 76. Note that for single supply operation, the three- 
level logic inputs should be connected to system ground 
and V* /2 instead of V~ and GND. The CLK input will oper- 
ate properly with TTL-level clock signals when the LMF90 is 
powered from either single or dual supplies because it has 
two TTL thresholds, one referred to the V_ pin and one 
referred to the GND pin. XLS should be connected to the 
V— pin when an external TTL clock is used. Figures 6 
through 76 illustrate a wide variety of power supply and 
clock options. 


2.0 Applications Information (continued) 
DUAL-SUPPLY CLOCK OPTIONS 


Vin 
To V" or GND. 
See Table 1. 
12 11 10 
4th=ORDER ) + 


BANDPASS 
aa, - {CLK 
o="R 
NON=OVERLAPPING 
CLOCK GENERATOR R=33.3,50, or 100. 


See Table 1. 


To V*,V™, or GND. 
See Table 1. 


External Clock In 


foLk 


TL/H/10354-10 


FIGURE 6. Dual supply; external CMOS-level clock. Internal frequency divider disabled. 


Vout 


To V™ or GND. 
See Table 1. 


11 


BANDPASS 


= _ fcuk 
fo= R 
NON=OVERLAPPING 
CLOCK GENERATOR R=33.3, 50, or 100. 
See Table 1. 


To V*, V~, or GND. 
See Table 1. 


External Clock In 


folk 
TL/H/10354-11 


FIGURE 7. Dual supply; TTL-level clock. Internal frequency divider disabled. 
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2.0 Applications Information (Continued) 
DUAL-SUPPLY CLOCK OPTIONS 


To V" or GND. 
See Table 1. 


12 11 


4th-ORDER 


BANDPASS fy { 

, 4 fo= 1D *® 
NON=OVERLAPPING R=33.3, 50, or 100. 
CLOCK GENERATOR See Table 1. 


LD = 2, 596, or 716. 
See Pin Description. 


To V*, V7, or GND. 
See Pin Description. 


To V*, V7, or GND. 
See Table 1. 


External Clock In 


fy 


TL/H/10354-12 
FIGURE 8. Dual Supply; external CMOS-level clock. Internal frequency divider enabled. 
_ Output of logic divider available on pin 6. 


-5V 


Vout 


To V" or GND. 
See Table 1. 


11 


_forys | 1. 
o="1ip *R 
R= 33.3, 50, or 100. 
See Table 1. 


LD = 2, 596, or 716. 
See Pin Description. 


To V*, V7, or GND. To V*, V~, or GND. 
See Table 1. See Pin Description. 


fcrys 


TL/H/10354-13 
FIGURE 9. Dual supply; internal crystal clock oscillator. 
Internal frequency divider enabled. Output of logic divider available on pin 6. 
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2.0 Applications Information (Continued) 
SINGLE-SUPPLY CLOCK OPTIONS 
0.1 uF 


+5V 


To V™ or GND. 
See Table 1. 


BANDPASS 


: 4 _ fork 
aa 
NON=OVERLAPPING 
CLOCK GENERATOR R= 33.3, 50, or 100. 
See Table 1. 


#2,.5V 


To V*,V~, or GND. 


See Table 1. External Clock In 


foLk 


TL/H/10354-14 
FIGURE 10. Single + 5V supply; external TTL-level clock. Internal frequency divider disabled. 


0.1 wF 


+5V 


To V~ or GND. 
See Table 1. 


11 


BANDPASS 


NON=OVERLAPPING 
CLOCK GENERATOR 


R= 33.3, 50, or 100. 
See Table 1. 


LD = 2, 596, or 716. 
See Pin Description. 


To V*,V~, or GND. 
See Pin Description. 


To V*, V7, or GND. 
See Table .1. 


FIGURE 11. Single + 5V supply; external CMOS-level clock. TL/H/10354-15 
Internal frequency divider enabled. Output of logic divider available on pin 6. 
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2.0 Applications Information (Continued) 
SINGLE-SUPPLY CLOCK OPTIONS 
0.1 wF 


To V~ or GND. 
See Table 1. 


12 


11 


4th-ORDER 
BANDPASS 


R=33.3,50, or 100. 
See Table 1. 


To V*,V~, or GND. 
See Table 1. 


External Clock In 


foLk 
TL/H/10354-16 
FIGURE 12. Single + 10V supply; external TTL-level clock. Internal frequency divider disabled. 


0.1 uF 
Vout 


To V- or GND. 
See Table 1. 


11 


Ath=ORDER | J+ 
BANDPASS 


R= 33.3, 50, or 100. 
See Table 1. 


To V*,V~, or GND. 
See Table 1. 


#5V 


External Clock In 


foik 
TL/H/10354-17 


FIGURE 13. Single + 10V supply; external CMOS-level clock. Internal frequency divider disabled. 
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2.0 Applications Information (continueg) 
SINGLE-SUPPLY CLOCK OPTIONS 
0.1 uF 


To V~ or GND. 
See Table 1. 


11 


fK 4 


fo= DDR 
NON=OVERLAPPING R = 33.3, 50, or 100. 
CLOCK GENERATOR See Table 1. 


LD = 2, 596, or 716. 
See Pin Description. 


To V*, V~, or GND. +10V 


See Pin Description. 


To V*, V~, or GND. 
See Table 1. 


External Clock In 


TL/H/10354-18 
FIGURE 14. Single + 10V supply; external CMOS-level clock. 
Internal frequency divider enabled. Output of logic divider available on pin 6. 


0.1 uF 


#5V or +10V 


To V" or GND. 
See Table 1. 


11 


_forys 1 


fo=Tp XR 
R=33.3, 50, or 100. 
See Table 1. 


LD = 2, 596, or 716. 
See Pin Description. 


To V*,V™, or GND. To V*, V, or GND. +5V or #10V 


See Table 1. See Pin Description. 


forys 


TL/H/10354-19 
FIGURE 15. Single + 5V or + 10V supply; internal crystal clock oscillator. Internal frequency divider enabled. 
Output of logic divider available on pin 6. 
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GA National 
Semiconductor All dimensions are in inches (millimeters) 


3 Lead (0.100” Diameter P.C.) TO-46 Metal Can Package (H) 
NS Package Number H03H 


0.209-0.219 


(5.308-5.563) i 


0.178-0.195 - 
SEATING (4.521—4,953) 


PLANE | uk 0.080 — 0.105 
0.025 MAX (2.032 — 2.667) 
(0.635) J 0.500 
UNCONTROLLED 


A 


———_ MIN 
LEAD DIA (] (l (a ere) 
0.016-0.019 : 0.030 
nae - (0.762) 
DIA TYP MAX 


>| aca 
TV? (270) 


4 
0.036-0.046 4 0.028-0.048 


len aa (0.711—1.219) 


HO3H (REV C) 


8 Narrow Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J08A 


RO.010 TYP 


0.220 
0.291 


0.310 MAX 
GLASS 


RO.025 TYP 


95°+5° TYP " 0.310 : 0.055 MAX 
| 0.410 4 BOTH ENDS 
0.008 


0.012 oe 


0.01840.003 TYP 


0.100 £0.010 TYP JOBA (REV K) 
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Physical Dimensions 


14 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J14A 


0.785 
(19.939) 


0.220—-0.310 
(5.588-7.874) 


0.290-0.320 0,005 0.200 
(7.366-8.128) a (0. ma au 0.060 +0.005 (5.080) 

eas SEALANT (1,524 +0.127) MAX 9,920-0.060 
(0.508—-1.524) 


86°94° TYP 
* 0.008—-0.012 
(0.203—0.305) 


0.310-0.410 ibie-<0.009 
(7.874—10.41) 0.098 L aaa Sate 20.008 | LS 0.125-0.200 
(2.489) (3.175-5.080) 

MAX BOTH ENDS 0.100 +0.010 0.160 


(2.540 +0.254) (3.81) 


MIN J14A (REV G) 


16 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J16A _ 


0.785 


een 
MAX 
i3}_ 112) 


0.220—0.310 
(5.588 — 7.674) 


0.005—0.020 
(0.127 —0.508) 
RAD TYP 
SEALANT 0.200 


0.055 + 0.005 oe 
(1.397 + 0.127) 


0.290 —0.320 0.005 
(7.366 —8.128) a TRH a 


0.008 — 0.012 
mea me | (0.203 —0.305) 
MAX 
0.080 0.018 0.003. lL! 0.125—0.200 0.020—0.060 
0.310 — 0.410 ae (0.457 +0.076) a | (3.175 —5.080) (0.508—1.524) 
(7.874 — 10.41) sOTh 
ain 0.100+0.010 0.037 +0.005 
(2.540 0.254) (0.940 +0.127) 
JI6A (REV K) 
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20 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J20A 


a jesiskud 


0.985 
(25.019) 


SUOISUS WI 


0.200.310 
(5.588 — 7.874) 


0.005—0.020 | 
(0.127—0.508) 
RAD TYP 


0.037 0.005, 
(0.940 +0.127) 


0.005 0.055 + 0.005 


0.290-0.320 (0.127) (1,397 +0.127) nae 0.020—0.060 
enti GLASS SEALANT MIN (0.508—1.524) 
0.200 


(5.080) 
MAX 


86° 94° 
0,008—0.012 
(0.203 — 0.305) 


| 0.310-0.410 0410 | 0.060 


(7.874—10.41) (1.524) Sal 


95° +5° 


0.150 
(aio) 0.125-0.200 
MIN (3.175 — 5.080) 


0.018 + 0.003 
(0.457£0.076) 


0.100+0.010 
(2.540 0.254) 


BOTH ENDS 


J20A (REV M) 


24 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J24A 


1.290 


(32.766) aon 


(15.240) 


0.514—-0.526 
(13.06-13.36) 


0.030-0.055 


(0.762—1.397) 
RAD TYP 


0.590-0.620 0.005 GLASS 0.055 «0.005 
(14,986-15.748) (0.127) SEALANT (1.397 10.127) 0.020-0.070 
| | MIN 


(0.508—-1.778) 


a 
0.008-0.012 


ns [TIE 


0.098 [aaah 0.018 £0,003 
86° 0125-0200 0.160. 
(2.489) 0.100 : 00001 | L. + (0.457 +0.076) ae 


MAX (2.540 !0,254) a aa ina y an 


J24A (REV H) 
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28 Lead Ceramic Dual-In-Line Package (J) 


NS Package Number J28A 
ta ee a! 
MAX GLASS 


(13.06-13.36) 


Physical Dimensions 


0.055 +0.005 (5.715) 
(1.397 0.127) MAX 


0,590-0.620 MAX GLASS 
(14.986-15.748) SEALANT 


0.008—0.012 
(0.203-0. (0.203-0,305) 


a 0695 70.025 | | | | | | | B75) 
___ 70.060 060 0.060-0.100 0.100 +0.010 0.018 «0.002 : 
+0. 17.49 *0835) (1.524-2.540) (2.540 + 0.254) (0.457 +0.508) J28A REV E! 


(17.40 i) 


0.020-0.070 
(0.508—1.778) 


5° 15° 


28 Lead (Wide) Ceramic Dual-In-Line Package (J) 
NS Package Number J28B 


0.600 
(15.24) 
MAX GLASS 


0.571-0.583 0.025 
(14.50— 14.81) (0.635) 
RAD 


0.030 — 0.055 
(0.762 — 1.397) 
RAD 


GLASS 


SEALANT 
0.590—0.620 
. (14.99— 15.75) : | 
0.020-0.070 


95° +5° 


I 


0.025 
0.685 * 
= 0.060 | 0.055 + 0.005 
(17.40 “ey (1.39720.127) 
|| 0.008-0.012 0.060—0.100, 7 ..0,100+0,010 <q 0.018 + 0.002 
(0.203 — 0.305) (1.524— 2.540) , (2.54040.254) (0.457 0.051) 


J28B (REV C) 
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8 Lead (0.150” Wide) Molded Small Outline Package (M) 
NS Package Number M08A 


0.189 —0.197 
(4.800 — 5.004) 


0.228 —0.244 
(5.791 —6.198) 


0.010 may 
(0.254) 


0.150—0.157 
(3.810 —3.988) 


.053 — 0.0 
ao lg at 
‘ 8° MAX TYP 0.004 —0.010 
Fs ad es eee 
i Fis, - Tit ET ESE ) SEATING 
0.004 | t f A PLANE 
0.102) 0.014 
0.008 —0.010 { a= 0.050 0.014 —0.020 
ona Ey, ALL LEADTIPS 0.016 —0.050 (0.356) —— d A 
Ie —-U. $$$ = 
ne =m ate 
TYP ALL LEADS (0.203) neu 


14 Lead (0.300” Wide) Molded Small Outline Package (M) 
NS Package Number M14B 


0.346 —0.362 
(8.788 —9.195) 


14 13°12 11°10 9 


0.394—0.419 
(10.01 — 10.64) 


LEAD NO. 1_ 
IDENT =C) 


0.027 


(0.686) 


0.291 —0.299 
(7.391 —7.595) 


0.093 —0.104 


0.017 
SOT 45° = 
0.009 —0.013 (0.432) = eee ieee 
(0.229 —0.330) | ; .004—0. 
TYP ALL LEADS paige (0.102—0.305) 


eee (les ain a 


" = 0.037—0.044 A i PLANE 
(0.940 —1.118) 
0.004 ag 0.030 —0.050 0.050 0.014—0.019 Typ 


(0.102) (0.762 — 1.270) (1,270) (0.356 —0.483) 
ALL LEAD TYP ALL LEADS TYP 
TIPS 


M14B (REV D) 
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16 Lead (0.300” Wide) Molded Small Outline Package (M) 
NS Package Number M16B 


0.3977-0.4133 
10,10-10,50 


Physical Dimensions 


IDENTIFICATION 
0.2014-0.2082 


7.4°7.6 0.3940-0.4190 
10.00=10.65 


g0tse-t 0200 
aes susan w [@ [sare |4|o@ || 


age x 9:010-0.020 


0.0826-0.1043 0.25-0.75 


2.35-2.65 0.0040-0.0118 
0.1°0.3 


0.6091-0.0125 
[; aos TP ALL Leaps 


eo 
| eee B MAX TYP 
eI LEAD TIPS ALL LEADS 
9.0160-0.0800 Typ ALL LEADS 
16D (REV F) 


20 Lead (0.300” Wide) Molded Small Outline Package (M) 
NS Package Number M20B 


0.496—0.512 
(12.598 —13.005) 


0,201 —0,209 
(7.381 7.595) 


0,093 —0.104 
(2.362 —2.642) 


0.010—0.029 
6° MAX TYP 0.004—0.012 - 


(0.254—0.737) **> i 
ALL LEADS Aaa Tats teieininininieti (0.102 0.305) 


ho wen a” |. I [_ ae 
0.004 
0.009 0.013 — 7 0.050 0,014 —0.020 
(0.102) q_0.016 — 0.050. ¢— ol Lg SOR ey 
(0.229 —0.330) ALL LEAD TIPS (0.406 —1.270) (oa me ie = (0.356 —0.508) 
TYP ALL LEADS TYP ALL LEADS 


E 
rE 
> 


0.008 typ 
(0.203) M20B (REV F) 
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24 Lead (0.300” Wide) Molded Small Outline Package (M) 
NS Package Number M24B 


___ 0.596 ~0.612 


(15.14—15.54) 


f 


0.394 -—0.419 


————— 


(10.01 — 10.64) 


0.291 —0.299 


(7.391 —7.594) 


0.037-—0.044 0.093 —0.104 


—_—_———— 


(0.940—1.118) (2.362 —2.642) 


0.009—0.013 
(0.229—0.330) 
TYP ALL LEADS 


0° —8° TYP ALL LEADS 


OE lec nse 


0.004 (0.762 —1.270) (1.270) 
(0.102) TYP ALL LEADS 
ALL LEAD TIPS 


28 Lead (0.300” Wide) Molded Small Outline Package (M) 
NS Package Number M28B 


7.60 (0.300) 
7.40 (0.291) 


10.65 (0.420) 
10.00 (0.393) 


18.10 (0.713) 
17.70 (0.696) 


| 


0.32 (0.013) 
0.23 (0.009) 


1.27 (0.050) 0.49 (0.020) 
BSC 0.35 (0.013) 1.27 (0.050) 
0.40 (0.015) 


453 


f elmlalelelnieiel 


0.75 (0.030) . seo 
0.25 (0.009) *4° 


0.30 (0.012) 
0.10 (0.003) 


0.004 —0.012 
(0.102 —0.305) 


SIT 


Nie 


(0.356 —0.483) 
TY 


M24B (REV CG: 


2.65 (0.105) 
2.35 (0.092) 


M28B 
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Physical Dimensions 


8 Lead Molded Dual-In-Line Package (N) 
NS Package Number NO8E 


0.373 —0.400 
(9.474 —10.16) 


0.092 pL LOL 0.032 +0.005 
(2.337) K (0.813 +0.127) 
PIN NO, 1 IDENT o200E 0006 fia AN) 
: (6.35+0.127) PIN NO. 1 IDENT: 
OPTION 4 y Be, 
es aj [2] 
0.280, 0.040 
(7.112) MN 0.030 er re—> | Le OPTION 2 


0.039 0.145 —0.200 


.300—0.320 
0.300—0.320 (0.991) (3.683 —5.080) 


(7.62 —8.128) 


0.125—0.140 
(3.175 — 3.556) 0.020 


go° 4° (0.508) 
TYP MIN 
0.018 + 0.003 


(0.457 £0.076) 
IL 0.100+0.010 


(2.540 £0,254) 
a 0.060 
(1.524) 


14 Lead Molded Dual-In-Line Package (N) 
NS Package Number N14A 


95° +5 


0.009—0.015 
acos—.01s [| 7 


0.045+0.015 
(1.143 40.381) 


NOSE (REV F) 


0,740 —0.770 
(18.80 — 19.56) 


0.250+0.010 
(6.350 +0.254) 


PIN NO. 1 
IDENT 


0.092 0.030 MAX 
(2.337) (0.762) DEPTH 


OPTION 1 OPTION 02 


0.135 + 0.005 0.300 —0.320 


(3.429 £0.127) (7.620 —8.128) 0.065 
0.060 typ : 
(1.524) 7\ 


0.145 —0.200 


leat 4° TYP a 
(3.683 —5.080) (1.651) 


OPTIONAL 


95°-45° 0.008 —0.016 
a , : go° £4° TYP > (0.203 —0.406) a 
(IN 0.120.150 0.075 £0.015 
(3.175 —3.810) >| | 7005£0.381) 1. 

0.014 —0.023 . 

aa, TYP || 0.100+0.010 MIN 

0.356 — 0,584) —_> ee TP 

{ Sere 12.540 £0,254) i ; 

>| I (1.270-0.254) sid 0.325 at 


(0.255 eat 


—0.381 N14A (REV F) 
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16 Lead Molded Dual-In-Line Package (N) 
NS Package Number N16E 


0.740 = 0.780 
(18.80 = 19.81) 


AREA 
0.250 £0.010 
(6.350 0.254) 


PIN NO. 1 PIN NO. 1 


OPTION 02 B oss 


0.060 4° TYP 0.300 = 0.320_ 
(1.524) TYP \F> oprionat 7] (7.620 = 8.128) na “es 


0.130 20.005 
(3.302 20.127) 


0.145 = 0.200 
(3.683 = 5. tt 


95° £5° 0.008 = 0.016 
re} fe) ee 
oat wt | un 907% 4° TYP ae (0.203=0.406) 
. 0.125 =0,150_ 0.030 £0.015 (7.112) 
(3.175 = 3.810) 1a) (0.762£0.381) MIN 
0.014= 0.023 0.100 £0,010 +0.040 
(0.356 = 0.584) —e ey 584) 0.050 £0.010 (2.540 £ 0.254) (0.325 -0.015 N1GE (REV F) 
(1.2700.254) Li (9.255700) 
TYP : 


20 Lead Molded Dual-In-Line Package (N) 
NS Package Number N20A 


1.013-1.040 
(25.73-26.42) 


0.092 X 0.030 
(2.337 X 0.762) 


0.032 +0.005 


(0.813 +0.127) 
RAD 


0.260 +0.005 
(6.604 +0,127) » 


0.280 
(7.112) 
MIN 
0.300-0.320 
(7,620-8.128) 


OPTION 2 


OPTION 2 


4° (4X) 0.130 0.005 


(3.302 0.127) 


0.145-0.200 
(3.683—5.080) 


95% 5° 


0.009-0.015 90°+0.004° 


(0.229-0.381) 0.020 


TYP 0.100+0.010 aie | Le. 0.125-0.140 (0.508) 
: 0.060 +0.005 (2.54020.254) 0.018+0.003 || 3.175356) MIN 
+0,040 (1.524+0.127) (0.457 +0.076) 
0.325: “9 a15 


+1.016 
(ozs 4 a) 


N20A (REV G) 
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Physical Dimensions 


24 Lead Molded Dual-In-Line Package (N) 
NS Package Number N24A 


4.243-1.270, 
(31.57—32.26) 


0.540 +0.005 
(13.716 +0.127) 


PIN NO. 1 IDENT 


DOTTED OUTLINES 
REFLECT ALTERNATE 
0.580 MOLDED BODY CONFIGURATION 


(14.73) 0.030 
MIN 
(0.762) 0.075 
0.600-0.620 MAX a8) 0.080 0.040 0.160 +0.005 


= (15.24-15.748) (1.524) (4.064 +0.127) 


0.170-0.210 
(4.318-5.334) 


.018 +0.0 
—-| ——_______ 9 425-0.140 0. (0.381) 
0.100 +0,010 (0.457 +0, m6 (3.175~3.556) MIN 
(2.540 +0.254) 


N24A (REV E) 


0.625 +0.025 (0.229-0. 


“0.015 | 0.075 +0.015 | 
( +0. ae (1.905 +0.381) 


5.875 _9 391 


24 Lead Skinny Dual-In-Line Package (0.300" Centers Molded) (N) 
NS Package Number N24C 


1.243 -1.270 
(31.57 — 32.26) 
MAX 


0.092 
(2.337) 
(2 PLS) 


0.260+0.005 
(6.604£0.127) 


PIN NO. 1 
IDENT 


EJECTOR PINS 
0.300 —0.320 (1.575) OPTIONAL 


(7.62 —8.128) 0.040 


0.1304 0.005 
(3.302 £0.127) 


0.020 
F/(.00) eas 8 00 
min (3.6636. 


0.009—0.015 


(0.229 — 0.361) 0.065 
iain 0.125 -0.145 
0,325 + 8.080 0.075 +0.015 L a 0.018+0.003 a L O5. = 3.508 
—0.015 (1.905 £0.381) aa 
(8.255 i 0.100+0.010 90° +4° TYP 


(2.54 +0.254) 
TYP 


N24C (REV F) 
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28 Lead Molded Dual-In-Line Package (N) 
NS Package Number N28B 


ewig jesiskyg 


0.510+ 0.005 
(12.95+ 0.127) 


Ssuoisu 


1} [2] [3] [4] [5] Ts) 
1.393—1.420 
(35.38 -— 36.07) 


(0.508) 


0.030 ay 0.600 0.620. 0.145—0.210 0.050 15 
(0.762) (15.24—15.75) (3.683 —5.334) (1.270) 0.125 —0.165 
(3.175-4.191) 9 999 


0.009—0.015 
(0.229—0.381) 

0.050+0.015 
(1.270£0.381) 


95° +5° 
0.580 
(14.73) 


+0.025 
0.625 0.015 


MIN : 
0.125 —0.145 


(3.175 —3.683) 


0.100+ 0.010 0.018+0.00: 
Ie (2.540 +0. coaaneiey ke |. ee 457+0. Ta 


N28B (REV E) 


20 Lead Plastic Chip Carrier (V) 
NS Package Number V20A 


4 SPACES AT 
0.050 ‘ 0.045 


(1.270) > | 


=| it ; 
0.080 
18 in! alalalal et : a 


DIA NOM 
PEDESTAL 


4 SPACES AT 
Co a Oe 


(1.270) 270) 


SQUARE 


0.310 —0.330 
(7.874 —8.382) 
(CONTACT DIMENSION) 


0.013 —0.018 
(0.330 —0.457) 


0.026 — 0.032 
(0.660 — 0.813) 0.020, 
TYP ! ' (0.508) 
—! MIN 
0.005 = 0.015, 0.032 — 0.040 
pene 0.104—0.118 (ets 1.06} 
(2.642 — 2.997) 0.165 —0.180 


(4.191 — 4.572) 


0.385~ 0.305, 
(9.779 — 10.03) 
SQUARE V20A {REV J) 
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28 Lead Plastic Chip Carrier (V) 
NS Package Number V28A 


ensions 


— 6 SPACES AT 
a 0.050 lr 
= (1.270) 
S 0.130. 
= (aaeaj 302) 
> HOM 
£ PEDESTAL 
a 
6 SPACES AT 
0.050 8 


(1.270) NOM SQUARE 


0.410 —-0.430_ 430 
me ite (i041 10.82) 92) 
coowracr J 
0.020 ag 0.013 = 0.018 013—0,018 
0,032—0.040_ (0.508) ao P=] (0:390— 0.457) 0.165 —0.180_ 
(0.813-1. 10.813—1.016) oa ees: 191 \ (4.191—4.572) 


F ametans 0.015 is 


(0.127—-0. (U-127-0.381) 


bear NO. i4 "4 0.026—0.032 0.104 —0.118 


(0. oe ¥ 813) (2.642 —2.997) 
0.450, 
<——_—_ -_——, 


(11.43) 

REF SO 
0.485 — 0,495 
(12.32 —12.57) 
SQUARE 


V28A (REV G) 


44 Lead Plastic Chip Carrier (V) 
NS Package Number V44A 


0.526, 
(13.36) 
NOM 
10 SPACES AT 


0.050=0.500 —> 
(1.270= 12.70) 


0.230 
(5.842) 
DIA NOM 
(PEDESTAL) 


0.045 VIEW AA 


10 SPACES AT 
0.050 = 0.500 
(1.270 = 12.70) 


0,610—0.630 


<< (15.49 16.00) 
0.032—0.040 0.020 SQUARE 0.165—0.180 
(0.613 1.016) (0.508) (CONTACT DIMENSION) | 0.013—0,018 (4.191 —4.572) 


Tee eT 
a lll tll bing) 


{ 0,005 —0,015_ 
(0.660 — 0,813) 
i TP 


(0. a (0.127.260) 381) 


0.104—0.118 
(2.642— 2.997) 


0.650, 
(16.51) 51) 
REF SO 
0,685—0.695 
(17.40 —17.65) V44A {REV H) 
SQUARE 
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3 Lead TO-92 Molded Package (Z) 
NS Package Number Z03A 


EJECTION MARK 
0.065 x 0.015 
(1.651 x 0.381) 
DEEP MAX 


0.175 — 0.185 
(4.445 — 4,699) 


SEATING PLANE i 
0.500 


(1.143 — 1.397) 
2 PLCS 


0.175 —0.185 


——_——. 


(4.445 — 4.699) 


UNCONTROLLED 
LEAD DIA 


0.014—0.016 ; | 0.0145 — 0.0155 
(0.356 —0.406) (0.3683 — 0.3937) 


TYP BEFORE LEAD 
FINISH 


0.045 —0.055 
(1.143 — 1.397) 


0.135 —0.145 
(3.429 —3.683) 


Z03A (REV E) 
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SUOISU 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


NOTES 
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DP8408A/09A/17/18/19/28/29 © Microprocessor Applications for the DP8420A/21A/22A 
Microprocessor Applications for the NS32CG821 


EMBEDDED SYSTEM PROCESSOR DATABOOK—1989 


Embedded System Processor Overview @ Central Processing Units ¢ Slave Processors @ Peripherals 
Development Systems and Software Tools 


FDDI DATABOOK—1991 


FDDI Overview e DP83200 FDDI Chip Set e Development Support ° Application Notes and System Briefs 


F100K ECL LOGIC DATABOOK & DESIGN GUIDE—1990 


Family Overview e 300 Series (Low-Power) Datasheets © 100 Series Datasheets e 11C Datasheets 

ECL BiCMOS SRAM, ECL PAL, and ECL ASIC Datasheets e Design Guide © Circuit Basics ¢ Logic Design 
Transmission Line Concepts e System Considerations ¢ Power Distribution and Thermal Considerations 
Testing Techniques @ Quality Assurance and Reliability © Application Notes 


FACT™ ADVANCED CMOS LOGIC DATABOOK—1990 


Description and Family Characteristics e Ratings, Specifications and Waveforms 
Design Considerations © 54AC/74ACXXX © 54ACT/74ACTXXX e Quiet Series: 54ACQ/74ACQXXX 
Quiet Series: 54ACTQ/74ACTQXXX © 54FCT/74FCTXXX © FCTA: 54FCTXXXA/74FCTXXXA 


FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK—1990 


Circuit Characteristics ¢ Ratings, Specifications and Waveforms e Design Considerations ¢ 54F/74FXXX 


FAST® APPLICATIONS HANDBOOK—1990 


Reprint of 1987 Fairchild FAST Applications Handbook 

Contains application information on the FAST family: Introduction ¢ Multiplexers © Decoders e Encoders 
Operators ¢ FIFOs ¢ Counters ¢ TTL Small Scale Integration ¢ Line Driving and System Design 

FAST Characteristics and Testing e Packaging Characteristics 


GENERAL PURPOSE LINEAR DEVICES DATABOOK—1989 


Continuous Voltage Regulators e Switching Voltage Regulators e Operational Amplifiers © Buffers ¢ Voltage Comparators 
Instrumentation Amplifiers ¢ Surface Mount 


GRAPHICS HANDBOOK—1989 


Advanced Graphics Chipset e DP8500 Development Tools Application Notes 


IBM DATA COMMUNICATIONS HANDBOOK—1992 


IBM Data Communications ¢ Application Notes 


INTERFACE DATABOOK—1990 


Transmission Line Drivers/Receivers © Bus Transceivers ¢ Peripheral Power Drivers ¢ Display Drivers 
Memory Support ¢ Microprocessor Support ¢ Level Translators and Buffers e Frequency Synthesis © Hi-Rel Interface 


LINEAR APPLICATIONS HANDBOOK—1991 


The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 


Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 


LOCAL AREA NETWORK DATABOOK—1992 


Integrated Ethernet Network Interface Controller Products © Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface Controller Products e Hardware and Software Support Products ¢ FDDI Products e Glossary 


LS/S/TTL DATABOOK—1989 


Contains former Fairchild Products 
Introduction to Bipolar Logic ¢ Low Power Schottky ¢ Schottky e TTL © TTL—Low Power 


MASS STORAGE HANDBOOK—1989 


Rigid Disk Pulse Detectors ¢ Rigid Disk Data Separators/Synchronizers and ENDECs 
Rigid Disk Data Controller e SCSI Bus Interface Circuits ¢ Floppy Disk Controllers © Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits ¢ Rigid Disk Microcontroller Circuits © Disk Interface Design Guide 


MEMORY DATABOOK—1990 


PROMs, EPROMs, EEPROMs ¢ TTL 1/O SRAMs ¢ ECL 1/O SRAMs 


MICROCONTROLLER DATABOOK—1989 


COP400 Family e COP800 Family e COPS Applications ¢ HPC Family ¢ HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals ¢ Microcontroller Development Tools 


MICROPROCESSOR DATABOOK—1989 


Series 32000 Overview Central Processing Units Slave Processors e Peripherals 
Development Systems and Software Tools e Application Notes e NSC800 Family 


PROGRAMMABLE LOGIC DATABOOK & DESIGN MANUAL—1990 


Product Line Overview e Datasheets ¢ Designing with PLDs e PLD Design Methodology ¢ PLD Design Development Tools 
Fabrication of Programmable Logic e Application Examples : 


REAL TIME CLOCK HANDBOOK—1991 


Real Time Clocks and Timer Clock Peripherals ¢ Application Notes 


RELIABILITY HANDBOOK—1986 


Reliability and the Die @ Internal Construction ¢ Finished Package ¢ MIL-STD-883 e MIL-M-38510 

The Specification Development Process ° Reliability and the Hybrid Device e VLSI/VHSIC Devices 
Radiation Environment e Electrostatic Discharge ¢ Discrete Device @ Standardization 

Quality Assurance and Reliability Engineering ° Reliability and Documentation ¢ Commercial Grade Device 
European Reliability Programs ¢ Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor ° The Total Military/Aerospace Standardization Program 
883B/RETS™ Products e MILS/RETS™ Products ¢ 883/RETS™ Hybrids e MIL-M-38510 Class B Products 
Radiation Hardened Technology ¢ Wafer Fabrication e Semiconductor Assembly and Packaging 
Semiconductor Packages e Glossary of Terms @ Key Government Agencies e AN/ Numbers and Acronyms 
Bibliography e MIL-M-38510 and DESC Drawing Cross Listing 


SPECIAL PURPOSE LINEAR DEVICES DATABOOK—1989 


Audio Circuits ¢ Radio Circuits ¢ Video Circuits e Motion Control Circuits e Special Function Circuits 
Surface Mount 


TELECOMMUNICATIONS—1990 


Line Card Components ¢ Integrated Services Digital Network Components @ Analog Telephone Components 
Application Notes a 


ALABAMA 
Huntsville 

Arrow Electronics 
(205) 837-6955 
Bell Industries 
(205) 837-1074 
Hamilton/Avnet 
(205) 837-7210 
Pioneer Technology 
(205) 837-9300 
Time Electronics 
(205) 721-1133 


ARIZONA 

Chandler 
Hamilton/Avnet 
(602) 961-1211 

Phoenix 
Arrow Electronics 
(602) 437-0750 

Tempe 
Anthem Electronics 
(602) 966-6600 
Bell Industries 
(602) 966-7800 
Time Electronics 
(602) 967-2000 


CALIFORNIA 
Agora Hills 
Bell Industries 
(818) 706-2608 
Time Electronics 
(818) 707-2890 
Zeus Components 
(818) 889-3838 
Burbank 
Elmo Semiconductor 
(818) 768-7400 
Calabasas 
F/X Electronics 
(818) 592-0120 
Chatsworth 
Anthem Electronics 
(818) 700-1000 
Arrow Electronics 
(818) 701-7500 
Time Electronics 
(818) 998-7200 
Costa Mesa 
Avnet Electronics 
(714) 754-6050 


Hamilton Electro Sales 


(714) 641-4100 
Cypress 
Bell Industries 
(714) 895-7801 
Gardena 
Hamilton/Avnet 
(213) 516-8600 
Irvine 
Anthem Electronics 
(714) 768-4444 
Rocklin 
Anthem Electronics 
(916) 624-9744 
Bell Industries 
(916) 652-0414 
Roseville 
Hamilton/Avnet 
(916) 925-2216 
San Diego 
Anthem Electronics 
(619) 453-9005 
Arrow Electronics 
(619) 565-4800 
Hamilton/Avnet 
(619) 571-1900 
Time Electronics 
(619) 586-1331 
Zeus Components 
(619) 277-9681 


San Jose 
Anthem Electronics 
(408) 453-1200 
Arrow Electronics 
(408) 441-9700 
Pioneer Technology 
(408) 954-9100 
Zeus Components 
(408) 629-4789 
Sunnyvale 
Bell Industries 
(408) 734-8570 
Hamilton/Avnet 
(408) 743-3300 
Time Electronics 
(408) 734-9888 
Torrance 
Time Electronics 
(213) 320-0880 
Tustin 
Arrow Electronics 
(714) 838-5422 
Time Electronics 
(714) 937-0911 
Woodland Hills 
Hamilton/Avnet 
(818) 594-0404 
Yorba Linda 
Zeus Components 
(714) 921-9000 


COLORADO 

Aurora 
Arrow Electronics 
(303) 373-5616 

Englewood 
Anthem Electronics 
(303) 790-4500 
Hamilton/Avnet 
(303) 799-7800 
Time Electronics 
(303) 721-8882 

Wheatridge 
Bell Industries 
(303) 424-1985 


CONNECTICUT 
Danbury 
Hamilton/Avnet 
(203) 743-6077 
Shelton 
Pioneer Standard 
(203) 929-5600 
Wallingford 
Arrow Electronics 
(203) 265-7741 
Waterbury 
Anthem Electronics 
(203) 575-1575 : 


FLORIDA 

Altamonte Springs 
Bell Industries 
(407) 339-0078 
Pioneer Technology 
(407) 834-9090 
Zeus Components 
(407) 788-9100 

Clearwater 
Pioneer Technology 
(813) 536-0445 

Deerfield Beach 
Arrow Electronics 
(305) 429-8200 
Bell Industries 
(305) 421-1997 
Pioneer Technology 
(305) 428-8877 

Fort Lauderdale 
Hamilton/Avnet 
(305) 767-6377 
Time Electronics 
(305) 484-7778 
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Lake Mary 
Arrow Electronics 
(407) 333-9300 
Orlando 
Chip Supply 
(407) 298-7100 
Time Electronics 
(407) 841-6565 
St. Petersburg 
Hamilton/Avnet 
(813) 572-4329 
Winter Park 
Hamilton/Avnet 
(407) 657-3300 


GEORGIA 

Duluth 
Arrow Electronics 
(404) 497-1300 
Hamilton/Avnet 
(404) 446-0611 
Pioneer Technology 
(404) 623-1003 

Norcross 
Bell Industries 
(404) 662-0923 
Time Electronics 
(404) 368-0969 


ILLINOIS 
Addison 
Pioneer Electronics 
(708) 495-9680 
Bensenville 
Hamilton/Avnet 
(708) 860-7700 
Elk Grove Village 
Bell Industries 
(708) 640-1910 
Itasca 
Arrow Electronics 
(708) 250-0500 
Schaumburg 
Anthem Electronics 
(708) 884-0200 
Time Electronics 
(708) 303-3000 


INDIANA 

Carmel 
Hamilton/Avnet 
(317) 844-9333 

Fort Wayne 
Bell Industries 
(219) 423-3422 

Indianapolis 


Advent Electronics Inc. 


(317) 872-4910 
Arrow Electronics 
(317) 299-2071 
Bell Industries 
(317) 875-8200 
Pioneer Standard 
(317) 573-0880 


IOWA 
Cedar Rapids 

Advent Electronics 
(319) 363-0221 
Arrow Electronics 
(319) 395-7230 
Hamilton/Avnet 
(319) 362-4757 


KANSAS 
Lenexa 
Arrow Electronics 
(913) 541-9542 
Hamilton/Avnet 
(913) 888-8900 


MARYLAND 

Columbia 
Anthem Electronics 
(301) 995-6840 
Arrow Electronics 
(301) 995-6002 
Hamilton/Avnet 
(301) 995-3500 
Time Electronics 
(301) 964-3090 
Zeus Components 
(301) 997-1118 

Gaithersburg 
Pioneer Technology 
(301) 921-0660 


MASSACHUSETTS 

Andover 

Bell Industries 

(508) 474-8880 
Beverly 

Sertech Laboratories 

(508) 927-5820 
Lexington 

Pioneer Standard 

(617) 861-9200 
Norwood 

Gerber Electronics 

(617) 769-6000 
Peabody 

Hamilton/Avnet 

(508) 531-7430 

Time Electronics 

(508) 532-9900 
Tyngsboro 

Port Electronics 

(508) 649-4880 
Wakefield 

Zeus Components 

(617) 246-8200 
Wilmington 

Anthem Electronics 

(508) 657-5170 

Arrow Electronics 

(508) 658-0900 


MICHIGAN 

Grand Rapids 
Arrow Electronics 
(616) 243-0912 
Pioneer Standard 
(616) 698-1800 

Grandville 
Hamilton/Avnet 
(616) 243-8805 

Livonia 
Arrow Electronics 
(313) 665-4100 
Pioneer Standard 
(313) 525-1800 

Novi 
Hamilton/Avnet 
(313) 347-4720 

Wyoming 
R. M. Electronics, Inc. 
(616) 531-9300 


MINNESOTA 

Eden Prairie 
Anthem Electronics 
(612) 944-5454 
Arrow Electronics 
(612) 828-7140 
Pioneer Standard 
(612) 944-3355 

Edina 
Arrow Electronics 
(612) 830-1800 
Time Electronics 
(612) 943-2433 

Minnetonka 
Hamilton/Avnet 
(612) 932-0600 
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MISSOURI 


Chesterfield 
Hamilton/Avnet 
(314) 537-1600 

St. Louis 
Arrow Electronics 
(314) 567-6888 
Time Electronics 
(314) 391-6444 


NEW JERSEY 


Cherry Hill 
Hamilton/Avnet 
(609) 424-0100 

Fairfield 
Hamilton/Avnet 
(201) 575-3390 
Pioneer Standard 
(201) 575-3510 

Marlton 
Arrow Electronics 
(609) 596-8000 
Time Electronics 
(609) 596-6700 

Parsippany 
Arrow Electronics 
(201) 538-0900 

Pine Brook 
Anthem Electronics 
(201) 227-7960 

Wayne 
Time Electronics 
(201) 758-8250 


NEW MEXICO 


Albuquerque 


Alliance Electronics Inc. 


(505) 292-3360 
Bell Industries 
(505) 292-2700 
Hamilton/Avnet 
(505) 345-0001 


NEW YORK 


Binghamton 

Pioneer 

(607) 722-9300 
Buffalo 

Summit Electronics 

(716) 887-2800 
Commack 

Anthem Electronics 

(516) 864-6600 
Fairport 

Pioneer Standard 

(716) 381-7070 
Hauppauge 

Arrow Electronics 

(516) 231-1000 

Hamilton/Avnet 

(516) 231-9444 

Time Electronics 

(516) 273-0100 
Port Chester 

Zeus Components 

(914) 937-7400 
Rochester 

Arrow Electronics 

(716) 427-0300 

Hamilton/Avnet 

(716) 292-0730 

Summit Electronics 

(716) 334-8110 
Ronkonkoma 

Zeus Components 

(516) 737-4500 
Syracuse 

Hamilton/Avnet 

(315) 437-2641 

Time Electronics 
(315) 432-0355 


Westbury 


Hamilton/Avnet Export Div. 


(516) 997-6868 
Woodbury 

Pioneer Electronics 

(516) 921-8700 


NORTH CAROLINA 


Charlotte 
Hamilton/Avnet 
(704) 527-2485 


Pioneer Technology 


(704) 527-8188 
Durham 


Pioneer Technology 


(919) 544-5400 
Raleigh 

Arrow Electronics 
(919) 876-3132 
Hamilton/Avnet 
(919) 878-0810 
Time Electronics 
(919) 874-9650 


OHIO 


Centerville 

Arrow Electronics 

(513) 435-5563 
Cleveland 

Pioneer 

(216) 587-3600 
Columbus 

Time Electronics 

(614) 794-3301 
Dayton 

Bell Industries 

(513) 435-8660 


Bell Industries-Military 


(513) 434-8231 
Hamilton/Avnet 
(513) 439-6700 
Pioneer Standard 
(513) 236-9900 
Zeus Components 
(513) 937-7400 
Solon 
Arrow Electronics 
(216) 248-3990 
Hamilton/Avnet 
(216) 349-5100 
Westerville 
Hamilton/Avnet 
(614) 882-7004 


OKLAHOMA 


Tulsa 
Arrow Electronics 
(918) 252-7537 
Hamilton/Avnet 
(918) 664-0444 
Pioneer Standard 
(918) 492-7840 
Radio Inc. 
(918) 587-9123 


OREGON 


Beaverton 
Anthem Electronics 
(503) 643-1114 
Arrow Electronics 
(503) 626-7667 
Hamilton/Avnet 
(503) 627-0201 
Lake Oswego 
Bell Industries 
(503) 635-6500 
Portland 
Time Electronics 
(503) 684-3780, 


PENNSYLVANIA 
Horsham 
Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215) 674-4000 
Mars 
Hamilton/Avnet 
(412) 281-4150 
Pittsburgh 
Pioneer 
(412) 782-2300 


TEXAS 

Austin 
Arrow Electronics 
(512) 835-4180 
Hamilton/Avnet 
(512) 837-8911 
Minco Technology Labs. 
(512) 834-2022 
Pioneer Standard 
(512) 835-4000 
Time Electronics 
(512) 399-3051 

Carrollton 
Arrow Electronics 
(214) 380-6464 

Dallas 
Hamilton/Avnet 
(214) 308-8111 
Pioneer Standard 
(214) 386-7300 

Houston 
Arrow Electronics 
(713) 530-4700 
Hamilton/Avnet 
(713) 240-7733 
Pioneer Standard 
(713) 495-4700 

Richardson 
Anthem Electronics 
(214) 238-7100 
Time Electronics 
(214) 644-4644 
Zeus Components 
(214) 783-7010 


UTAH 

Midvale 
Bell Industries 
(801) 255-9611 

Salt Lake City 
Anthem Electronics 
(801) 973-8555 
Arrow Electronics 
(801) 973-6913 
Hamilton/Avnet 
(801) 972-2800 

West Valley 
Time Electronics 
(801) 973-8494 


WASHINGTON 
Bellevue 
Arrow Electronics 
(206) 643-4800 
Bothell 
Anthem Electronics 
(206) 483-1700 
Kirkland 
Time Electronics 
(206) 820-1525 
Redmond 
Bell Industries 
(206) 867-5410 
Hamilton/Avnet 
(206) 241-8555 


WISCONSIN 


Brookfield 
Arrow Electronics 
(414) 792-0150 
Pioneer Electronics 
(414) 784-3480 
Mequon 
Taylor Electric 
(414) 241-4321 
Waukesha 
Bell Industries 
(414) 547-8879 
Hamilton/Avnet 
(414) 784-8205 


CANADA 
WESTERN PROVINCES 


Burnaby 
Hamilton/Avnet 
(604) 420-4101 
Semad Electronics 
(604) 420-9889 

Calgary 
Electro Sonic Inc. 
(403) 255-9550 
Semad Electronics - 
(403) 252-5664 
Zentronics 
(403) 295-8838 

Edmonton 
Zentronics 
(403) 468-9306 

Markham 


Semad Electronics Ltd. 


(416) 475-3922 
Richmond 
Electro Sonic Inc. 
(604) 273-2911 
Zentronics 
(604) 273-5575 
Saskatoon 
Zentronics 
(306) 955-2207 
Winnipeg 
Zentronics 
(204) 694-1957 


EASTERN PROVINCES 


Mississauga 
Hamilton/Avnet 
(416) 795-3825 
Time Electronics 
(416) 672-5300 
Zentronics 
(416) 564-9600 

Nepean 
Hamilton/Avnet 
(613) 226-1700 
Zentronics 
(613) 226-8840 

Ottawa 
Electro Sonic Inc. 
(613) 728-8333 
Semad Electronics 
(613) 727-8325 

Pointe Claire 
Semad Electronics 
(514) 694-0860 

St. Laurent 
Hamilton/Avnet 
(514) 335-1000 
Zentronics 
(514) 737-9700 

Willowdale 
ElectroSonic Inc. 
(416) 494-1666 

Winnipeg 
Electro Sonic Inc. 
(204) 783-3105 


Semiconductor 


ZA National 


2900 Semiconductor Drive 
P.O. Box 58090 

Santa Clara, CA 95052-8090 
Tel: 1-800-272-9959 

TWX: (910) 339-9240 


National Semiconductor Corporation 
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OFFICES 


Electronica NSC de Mexico SA 
Juventino Rosas No. 118-2 

Col Guadalupe Inn 

Mexico, 01020 D.F. Mexico 

Tel: 52-5-524-9402 

Fax: 52-5-524-9342 


National Semicondutores 

Do Brasil Ltda. 

Av. Brig. Faria Lima, 1409 

6.0 Andar 

Cep. 01451 J. Paulistano 

Sao Paulo, SP, Brasil 

Tel: (55/11) 212-5066 

Telex: 391 1131931 

Fax: (55/11) 212-1181 NSBR BR 


National Semiconductor GmbH 
Eschborner Lanstr. 130-132 
D-6000 Frankfurt 90 

Germany 

Tel: (069) 78 91 09-0 

Fax: (069) 7 89 43 83 


National Semiconductor GmbH 
Industriestrasse 10 

D-8080 Furstenfeldbruck 
Germany 

Tel: (0-81-41) 103-0 

Telex: 527-649 

Fax: (08141) 103554 


National Semiconductor GmbH 
Misburger Strasse 81D 

D3000 Hannover 61 

Germany 

Tel: (0511) 560040 

Fax: (0511) 561740 


National Semiconductor GmbH 
Untere Waldplatze 37 

D-7000 Stuttgart 80 

Germany 

Tel: 711 686 511 

Fax: 711 686 5260 


National Semiconductor (UK) Ltd. 
The Maple, Kembrey Park 

Swindon, Wiltshire SN2 6UT 

United Kingdom 

Tel: (07-93) 61-41-41 

Telex: 444-674 

Fax: (07-93) 69-75-22 
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National Semiconductor Benelux 
Vorstlaan 100 

B-1170 Brussels 

Belgium 

Tel: (02) 6-61-06-80 

Telex: 61007 

Fax: (02) 6-60-23-95 


National Semiconductor (UK) Ltd. 


Ringager 4A, 3 
DK-2605 Brandy 
Denmark 

Tel: (02) 43-32-11 
Telex: 15-179 
Fax: (02) 43-31-11 


National Semiconductor S.A. 
Centre d’Affaires-La Boursidiere 
Batiment Champagne, B.P. 90 
Route Nationale 186 

F-92357 Le Plessis Robinson 
Paris, France 

Tel: (1) 40-94-88-88 


‘Telex: 631065 


Fax: (1) 40-94-88-11 


National Semiconductor (UK) Ltd. 


Unit 2A 
Clonskeagh Square 
Clonskeagh Road 
Dublin 14 

Ireland 

Tel: (01) 269-55-89 
Telex: 91047 

Fax: (01) 2830650 


National Semiconductor S.p.A. 
Strada 7, Palazzo R/3 

|-20089 Rozzano 

Milanofiori 

Italy 

Tel: (02) 57 50 03 00 

Twx: 352647 

Fax: (02) 57 50 04 00 


National Semiconductor S.p.A. 
Via del Cararaggio, 107 

1-00147 Rome 

Italy 

Tel: (06) 5-13-48-80 

Fax: (06) 5-13-79-47 


National Semiconductor (UK) Ltd. 


Isveien 45 
Postboks 57 
N-1393 Ostenstad 
Norway 

Tel: (2) 796500 
Fax: (2) 796040 
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National Semiconductor AB 
P.O. Box 1009 
Grosshandlarvaegen 7 

S-121 23 Johanneshov 
Sweden 

Tel: 46-8-7228050 

Fax: 46-8-7229095 

Telex: 10731 NSCS 


National Semiconductor GmbH 
Calle Agustin de Foxa, 27 (9°D) 
E-28036 Madrid 

Spain 

Tel: (01) 733-2958 

Telex: 46133 

Fax: (01) 733-8018 


National Semiconductor 
Switzerland 

Alte Winterthurerstrasse 53 
Postfach 567 

Ch-8304 Wallisellen-Zurich 
Switzerland 

Tel: (01) 830-2727 

Telex: 828-444 

Fax: (01) 830-1900 


National Semiconductor 
Kauppakartanonkatu 7 A22 
SF-00930 Helsinki 

Finland 

Tel: (90) 33-80-33 

Telex: 126116 

Fax: (90) 33-81-30 


National Semiconductor 
Postbus 90 

NL1380 AB Weesp 

The Netherlands 

Tel: (0-29-40) 3-04-48 
Telex: 10-956 

Fax: (0-29-40) 3-04-30 


National Semiconductor Japan 
Ltd. 

Sanseido Bldg. 5F 

4-15-3 Nishi Shinjuku 
Shinjuku-ku 

Tokyo 160 Japan 

Tel: (03) 3299-7001 

Fax: (03) 3299-7000 


National Semiconductor 

Hong Kong Ltd. 

13th Floor, Straight Block 

Ocean Centre 

5 Canton Road, Tsimshatsui East, 
Kowloon, Hong Kong 

Tel: (852) 737-1600 

Telex: 51292 NSHKL 

Fax: (852) 736-9960 


National Semiconductor 
(Australia) PTY, Ltd. 

Bldg. 16, Business Park Dr 
Melbourne, 3168 

Victoria, Australia 

Tel: (03) 558-9999 

Fax: 61-3-558-9998- * 
National Semiconductor (PTE), 
Ltd. 

200 Cantonment Road 13-02 
Southpoint 200 

Singapore 0208 

Tel: 2252229 

Telex: RS 50808 

Fax: (65) 225-7080 


National Semiconductor (Far East) 
Ltd. 

Taiwan Branch 

9th Floor, No. 18 

Sec. 1, Chang An East Road, 

Taipei, Taiwan R.O.C 

Tel: (86) 521-3288 

Telex: 22837 NSTW 

Fax: 02 561-3054 


National Semiconductor (Far East) 
Ltd. 

Korea Branch 

13th Floor, Dai Han Life Insurance 
63 Building, 

60, Yoido-dong, Youngdeungpo-ku, 
Seoul, Korea 150-763 

Tel: (02) 784-8051 

Telex: 24942 NSPKLO 

Fax: (02) 784-8054 


SALES OFFICES 


ALABAMA 
Huntsville 
(205) 721-9367 


ARIZONA 
Tempe 
(602) 966-4563 


CALIFORNIA 

Rocklin 

(916) 632-2750 
San Diego 

(619) 587-0666 
Santa Clara 

(408) 562-5900 
Tustin 

(714) 259-8880 
Woodland Hills 

(818) 888-2602 


COLORADO 
Boulder 
(303) 440-3400 
Englewood 
(303) 790-8090 


FLORIDA 
Boca Raton 
(407) 997-9891 
Maitland 
(407) 875-8800 


GEORGIA 
Atlanta 
(404) 551-1150 


ILLINOIS 
Schaumburg 
(708) 397-8777 


INDIANA 
Carmel 
(317) 843-7160 
Fort Wayne 
(219) 436-6844 
IOWA 
Cedar Rapids 
(319) 395-0090 
MARYLAND 
Hanover 
(301) 796-8900 
MASSACHUSETTS 
Burlington 
(617) 221-4500 
MICHIGAN 
Livonia 
(313) 464-0020 
MINNESOTA 
Bloomington 
(612) 854-8200 


MISSOURI 
St. Louis 
(314) 569-9830 


NEW JERSEY 
Paramus 
(201) 599-0955 


NEW YORK 
Fairport 
(716) 223-7700 
Wappinger Falls 
(914) 298-0680 


NORTH CAROLINA 
Raleigh 
(919) 832-0661 
OHIO 
Dayton 
(513) 435-6886 
Independence 
(216) 524-5577 


ONTARIO 
Mississauga 
(416) 678-2920 
Nepean 
(613) 596-0411 


OREGON 
Portland 
(503) 639-5442 


PENNSYLVANIA 
Horsham 
(215) 672-6767 


PUERTO RICO 
Rio Piedras 
(809) 758-9211 


QUEBEC 
Pointe Claire 
(514) 426-2992 


TEXAS 
Austin 
(512) 346-3990 
Houston 
(713) 894-4888 
Richardson 
(214) 234-3811 


UTAH 
Murray 
(801) 268-1175 


WASHINGTON 
Kirkland 
(206) 822-4004 


WISCONSIN 
Brookfield 
(414) 782-1818 


